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  from	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  matter	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   of	   the	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  was	   not	   clear,	   but	   little	   by	   little	   we	   could	  manage	   to	   perform	   a	  project	  that	  I	  am	  finally	  proud	  of.	  I	  also	  want	  to	  thank	  other	  professors	  from	  the	  TU/e	  that	  contributed	   with	   answering	   many	   doubts	   about	   technical	   questions	   I	   had	   during	   the	  performance	  of	  the	  project,	  such	  as	  Ton	  Weijters	  and	  Ronny	  Mans.	  	  My	  friends	  in	  Eindhoven	  with	  whom	  I	  spent	  hours	  working	  and	  also	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  fun.	  I	  will	  always	   remember	   my	   fabulous	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   back	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  parts	  of	  the	  Thesis.	  	  	  To	  finish	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  all	  of	  them	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  to	  do	  all	  the	  work	  you	  are	  about	  to	  read.	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1. INTRODUCTION	  	  	  
1.1 Problem	  Definition	  	   Healthcare	   is	   seen	   as	   an	   essential	   matter	   in	   developed	   societies,	   and	   providing	  patients	   with	   an	   outstanding	   quality	   service	   has	   been	   the	   main	   core	   objective	   of	  healthcare	   organizations	   for	   decades.	   However,	   the	   use	   of	   the	   very	   best	   and	   new	  techniques	   to	   provide	   this	   high	   quality	   service	   made	   the	   cost	   of	   the	   patient’s	   cares	  dramatically	  increase.	  Nonetheless,	  this	  tendency	  is	  starting	  to	  change	  due	  to,	  among	  other	  factors,	   the	   recent	   push	   for	   healthcare	   changes	   that	   governments	   and	   health	   insurance	  companies	  are	   introducing.	  This	   is	   the	   reason	  why	  medical	   institutions	  have	   lately	  been	  facing	  huge	  pressure	  in	  order	  to	  streamline	  their	  resources,	  so	  they	  can	  be	  able	  to	  care	  for	  more	  patients,	  attending	  the	  increasing	  demand	  for	  healthcare,	  and	  reduce	  costs	  while	  still	  delivering	  a	  high	  quality	  service	  [Anyanwu	  et	  al.,	  2003;	  Mans	  et	  al.,	  2009].	  	  	   High	   amounts	   of	   data	   are	   stored	   in	   these	   organizations,	   normally	   for	   financial	  administration.	  However,	  until	  recently	  they	  were	  barely	  used	  to	  optimize	  the	  processes.	  This	  is	  why	  the	  medical	  environment	  is	  told	  to	  be	  “Information	  Rich	  and	  Knowledge	  Poor”	  [Kaur	   and	  Wasan,	   2006].	   A	   study	   from	   the	   Institute	   of	   Medicine	   (IOM)	   of	   the	   National	  Academies	  stated	  that	  there	  is	  a	  real	  lack	  of	  progress	  in	  the	  use	  of	  Information	  Technology	  (IT)	  to	  improve	  administrative	  and	  clinical	  processes.	  However,	  this	  scenario	  is	  starting	  to	  change	  with	  the	  extended	  use	  of	  Information	  Systems	  in	  modern	  organizations,	  as	  well	  as	  hospitals.	  One	  of	  the	  different	  ways	  hospitals	  can	  optimize	  their	  processes	  is	  by	  using	  this	  valuable	  data	   in	  order	   to	  create	  standardized	  procedures	  or	  paths	  via	  process	  modeling.	  Normally,	   care	   paths	   are	   based	   on	   the	   expertise	   of	   the	   doctors,	   but	   finding	   the	   correct	  model	   to	  predict	   the	  way	  a	  doctor	  will	   react	   to	   specific	   cases	  would	  be	  outstanding.	  We	  want	  to	  discover	  the	  best	  outcome;	  however,	  this	  does	  not	  mean	  that	  it	  has	  to	  be	  the	  most	  dominant.	   By	   having	   standardized	   processes,	   every	   patient	   will	   no	   longer	   be	   seen	   as	   a	  completely	  different	  and	  unique	  case.	  Patients	  with	  common	  characteristics	  can	  be	  cared	  for	  in	  a	  similar	  way.	  The	  procedures	  in	  an	  operation	  room,	  even	  though	  they	  may	  vary,	  can	  be	  seen	  as	  more	  uniform	  and	  process	  oriented	  than	  other	  healthcare	  techniques.	  	   Achieving	  these	  standardized	  paths	  is	  not	  a	  trivial	  issue.	  First,	  one	  will	  have	  to	  decide	  which	   specific	   techniques	   to	   apply.	   Healthcare	   processes	   have	   to	   deal	   with	   an	  extraordinary	   uncertainty	   and	   healthcare	   organizations,	   because	   of	   their	   processes,	   are	  seen	  as	  highly	  dynamic,	  complex,	  ad	  hoc,	  and	  multi-­‐disciplinary	  [Rebuge	  &	  Ferreira,	  2012].	  That	   is	   why	   mining	   techniques	   will	   be	   the	   best	   option.	   However,	   these	   techniques	   are	  usually	  not	  meant	  for	  the	  medical	  environment,	  they	  are	  more	  likely	  to	  be	  used	  in	  business	  processes,	  so	  searching	  for	  the	  most	  suitable	  procedure	  will	  be	  key.	  To	  carry	  out	  the	  study,	  two	   databases	   of	   the	   anesthesia	   care	   of	   ERCP	   (Endoscopic	   Retrograde	   Cholangio	  Pancreatography)	  will	  be	  used.	  The	  Beth	   Israel	  Deaconess	  Medical	  Centre	   in	  Boston	  will	  provide	  both	  datasets.	  First,	  we	  started	  the	  study	  with	  a	  small	  dataset	  of	  33	  patients,	  while	  we	  were	  waiting	  for	  the	  large	  dataset,	  which	  contained	  848	  patients.	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Many	  different	  paths	  can	  be	  found	  using	  process	  mining	  techniques.	  Usually,	  to	  make	  business	  decisions	  while	  mining,	   the	  decision	   is	  based	   in	   the	  cost	   influence,	   the	  revenue	  and	   the	   operational	   efficiency	   maintaining	   the	   level	   of	   care	   [Silver	   et	   al,	   2001].	  Nevertheless,	   in	  this	  study,	   the	  most	  prominent	   factor	  will	  be	  to	   find	  a	  standard	  path,	  so	  the	   variance	   should	   be	   reduced	   as	  much	   as	   possible.	   Searching	   for	   a	   standardized	   path	  does	  not	  mean	  that	  we	  are	  searching	  for	  the	  dominant	  one,	  but	  the	  goal	  will	  be	  to	  discover	  the	  best	  outcome	  for	  each	  situation.	  If	  a	  path	  has	  got	  a	  high	  variance,	  it	  will	  probably	  not	  be	  worth	   to	   implement	   it	   due	   to	   inefficiency	   and	   higher	   costs.	   Applying	   pre-­‐processing	  techniques	  such	  as	  clustering	  can	  reduce	  some	  of	  the	  variability.	  Other	  factors	  to	  take	  into	  account	   are	   the	   simplicity	   of	   the	   path,	   the	  medical	   correctness	   and	   the	   reduction	   of	   the	  risk	  for	  the	  patient.	  	   Nonetheless,	   the	   main	   problem	   we	   will	   face	   is	   to	   find	   models	   that	   are	   medically	  correct.	   Previous	   studies	   failed	   to	   achieve	   these	   good	   models	   while	   applying	   process	  mining	  techniques	  to	  describe	  process	  models	  related	  to	  healthcare.	  Hence,	  the	  challenge	  of	  this	  study	  is	  to	  demonstrate	  that	  these	  medical	  processes	  can	  be	  analyzed	  after	  process	  mining	  techniques	  are	  applied	  to	  a	  dataset.	  	  	  
1.2 Objectives	  	   Many	  different	  objectives	  can	  be	   targeted	   in	   this	   study,	  although	   if	   a	  broad	  scope	   is	  chosen,	   one	   can	   fail	   to	   achieve	   what	   was	   really	   being	   sought	   out	   in	   the	   first	   place.	  Consequently,	  a	  correct	  definition	  of	  the	  goal	  will	  be	  essential.	  	  	   	  As	  it	  will	  be	  explained	  in	  the	  literature	  chapter,	  most	  of	  the	  previous	  studies	  relating	  to	   this	   topic	   have	   focused	   in	   the	   applicability	   of	   process	   mining	   techniques	   in	   medical	  environments	   [Mans	   et	   al.,	   2009;	   Kaymak	   et	   al.,	   2012].	   Even	   though	   it	   is	   an	   excellent	  technique	  to	  extract	  conclusions	   in	  order	  to	  analyze	  and	  optimize	  processes,	  most	  of	   the	  traditional	  process	  mining	   approaches	   and	  algorithms	   face	  problems	  while	  dealing	  with	  medical	   processes,	   as	   these	   techniques	   were	   meant	   to	   work	   with	   administrative	  processes.	  	  	  This	   is	   the	   reason	  why	   these	   techniques	  will	   have	   to	   be	   used	   in	   a	   different	  way	   in	  order	  to	  achieve	  understandable	  and	  usable	  models,	   instead	  of	  spaghetti-­‐like	  models.	  To	  pre-­‐process	   successfully	   the	   dataset	   will	   be	   essential	   to	   achieve	   good	   final	   results.	   To	  reduce	  the	  granularity,	  to	  aggregate	  events,	  filter	  them	  and	  define	  clear	  outcomes	  for	  the	  operation	   will	   also	   be	   very	   important.	   In	   addition,	   the	   correct	   selection	   of	   the	   best	  techniques	  in	  each	  case	  will	  be	  extremely	  important,	  as	  well	  as	  defining	  precisely	  what	  are	  the	  desired	  outcomes	  of	  the	  process.	  	  The	   development	   of	  models	   from	   data	   variability	   during	   operations	   has	   influenced	  the	  medical	  outcomes	  and	  also	  the	  risk	  managements	  of	  the	  operation.	  This	  is	  the	  reason	  why	  trying	  to	  find	  links	  between	  the	  inner	  characteristics	  of	  the	  process	  and	  the	  outcome	  will	   be	   of	   great	   importance	   in	   this	   study.	   However,	   these	  models	   have	   to	   deal	   with	   an	  important	  variability	  caused	  by	  the	  differences	  between	  patients	  and	  the	  procedures.	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   The	   main	   objective	   of	   this	   study	   will	   be	   to	   learn,	   from	   real	   data,	   the	   way	   doctors	  intervene	  when	   facing	  unusual	   responses	   from	  the	  patients.	  Then,	  we	  also	  would	   like	   to	  know	  which	   parts	   of	   the	   procedure	   perform	   better	   or	  worse.	   The	   best	   outcome	  will	   be	  considered,	  not	  the	  most	  dominant.	  To	  do	  so,	   the	  relevant	  steps	  of	   the	  procedure	  should	  be	  known,	  and	  the	  irrelevant	  data	  must	  be	  removed.	  	  	  	  
1.3 	  Scope	  of	  the	  Study	  	   A	   correct	   scope	   definition	  would	   be	   outstanding	   for	   the	   correct	   development	   of	   the	  study.	  Many	  previous	  studies	  failed	  to	  achieve	  a	  good	  performance	  mainly	  due	  to	  the	  fact	  that	  they	  did	  not	  successfully	  set	  the	  goal	  of	  the	  analysis.	  	  	  It	   was	   clear	   that	   we	   wanted	   to	   analyze	   some	   of	   the	   insights	   of	   the	   anesthesia	   care	  during	   a	   defined	   short	   operation	   such	   an	   ERCP,	   with	   a	   clear	   beginning	   and	   end	   of	   the	  procedure.	   It	   starts	  when	   the	   first	  drugs	  are	  administered	   right	  before	  entering	   into	   the	  operation	  room	  (OR)	  and	  lasts	  until	  the	  last	  values	  of	  the	  patient’s	  vital	  signs	  are	  recorded.	  In	   an	  OR,	   all	   the	   procedures	   are	   related	   to	   a	   process	  with	   some	   key	   steps	   that	  must	   be	  followed.	  In	  the	  dataset,	  there	  is	  much	  information	  that	  could	  be	  interesting	  for	  a	  further	  study,	  so	  we	  had	  several	  options.	  	   Then,	   we	   started	   to	   search	   for	   which	   outcome	   could	   be	   the	   most	   interesting	   while	  dealing	  with	  sedation.	  One	  of	   the	  main	  goals	  of	  anesthetists	   is	   to	  minimize	   the	  effects	  of	  pain	  and	  anxiety	  while	  the	  procedure	  is	  being	  performed.	  After	  discussing	  with	  a	  medical	  specialist,	   it	   was	   agreed	   that	   this	   could	   be	   an	   interesting	   scope	   for	   our	   study.	  We	   then	  realized	  that	  pain	  is	  basically	  spotted	  by	  checking	  the	  heart	  rate	  values	  of	  the	  patients,	  as	  well	  as,	  in	  a	  lower	  degree,	  the	  blood	  pressure.	  	  Once	   it	  was	   clear	   that	  we	  wanted	   to	   study	   the	   treatment	   of	   pain	   and	   anxiety	   in	   the	  anesthesia	   care	   in	   an	  ERCP,	   the	  whole	  procedure	  will	   be	   related	   to	   finally	   achieve	   good	  models	  that	  are	  able	  to	  explain	  the	  anesthetist	  intervention.	  	  	  
1.4 Research	  Questions	  	  	   Even	   though	   the	   main	   objective	   of	   this	   project	   is	   to	   create	   models	   to	   explain	   how	  doctors	   react	   while	   the	   patient	   is	   feeling	   pain	   or	   anxiety,	   while	   carrying	   out	   the	   study,	  other	  research	  questions	  must	  be	  discussed.	  	   1. Apply	  Pre-­‐processing	  Steps	  	  The	  right	  application	  of	  pre-­‐processing	  steps	  will	  be	  essential	  for	  the	  correct	  performance	  of	   the	  study.	  As	  we	  will	   see	  during	   this	  report,	   there	  are	  many	  pre-­‐processing	  steps,	  but	  two	  of	  them	  will	  be	  especially	  challenging:	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• Conversion	   of	   waveforms	   of	   the	   vital	   signs	   recorded	   values	   into	   events:	   The	  dataset	  will	  have	  the	  recorded	  values	  of	  the	  heart	  rate	  and	  blood	  pressure	  during	  the	   whole	   operation.	   As	   ProM	   is	   an	   event	   driven	   software,	   we	   will	   have	   to	  convert	   these	   recorded	  values	   into	   events.	  A	   correct	   balance	  between	   trying	   to	  capture	   the	  reality	  of	   the	  recorded	  values	  as	  much	  as	  possible	  and	  not	  creating	  meaningless	  events	  will	  be	  essential.	  	  
• Clustering:	  To	  create	  clusters	  is	  one	  of	  the	  most	  important	  pre-­‐processing	  steps.	  In	   our	   case,	   we	   will	   cluster	   the	   different	   drugs	   administered.	   To	   do	   so,	   the	  application	  of	  medical	  knowledge	  will	  be	  compulsory.	  	   2. Confirm	  that	  the	  quality	  of	  the	  created	  models	  is	  good	  enough	  for	  the	  performance	  of	  the	  study,	  both	  from	  a	  modeling	  perspective,	  checking	  the	  fitness	  values,	  but	  also	  under	  a	  medical	  perspective,	  by	  analyzing	  if	  the	  models	  make	  sense	  under	  this	  perspective.	  	  3. Seek	  a	  relation	  between	  process	  characteristics	  and	  the	  process	  outcome	  and	  risk	  for	  the	  patient.	  Once	  the	  model	  is	  created,	  the	  main	  goal	  will	  be	  to	  extract	  a	  conclusion	  of	  the	  relationship	  drawn,	  paying	  special	  attention	  to	  how	  the	  doctors	  deal	  with	  the	  patient’s	  pain	  and	  anxiety.	  	   	  
1.5 Methodology	  	   From	   the	   anonymous	   dataset	   provided	   by	   the	   BIDMC	   hospital,	   process-­‐mining	  methods	  will	  be	  used	  in	  order	  to	  extract	  conclusions	  of	  the	  event	  logs	  recorded	  from	  the	  anesthesia	  care	  during	  an	  ERCP.	  	  As	  we	  had	  the	  chance	  to	  work	  closely	  with	  a	  medical	  specialist,	  we	  wanted	  to	  apply	  as	  much	  medical	  knowledge	  as	  possible	  to	  the	  entire	  process,	  as	  it	  was	  supposed	  to	  increase	  the	  performance	  of	  the	  process	  substantially.	  	   To	   extract	   conclusions	   of	   the	   processes,	   the	   software	   ProM	  will	   be	   used	  i.	   It	   works	  with	  its	  own	  algorithms,	  which	  have	  to	  be	  selected	  according	  to	  what	  is	  wanted	  from	  the	  study.	  But	  to	  start	  working	  with	  this	  tool,	  the	  dataset	  must	  be	  transformed,	  as	  it	  could	  not	  be	  used	  straight	  with	  ProM.	  The	  original	  Excel	  file	  must	  be	  converted	  into	  a	  .xes	  or	  a	  .mxml	  file.	   Several	  methodologies	   that	  will	   be	   discussed	   later	   can	   be	   used	   to	   do	   carry	   out	   this	  task.	   This	   will	   be	   a	   compulsory	   pre-­‐processing	   step,	   but	   other	   procedures	   will	   also	   be	  applied	  to	  the	  data	  in	  order	  to	  achieve	  the	  best	  results	  possible	  in	  the	  mining.	  Once	  the	  dataset	   is	  ready	  to	  be	  used,	  the	  different	  models	  will	  be	  analyzed.	  As	  using	  all	  the	  data	  in	  a	  model	  will	  end	  up	  having	  spaghetti-­‐like	  model,	  more	  pre-­‐processing	  steps,	  such	   as	   filtering	   and	   clustering	   techniques	  will	   be	   applied	   again	   to	   the	   data	   in	   order	   to	  improve	  the	  models.	  Medical	  knowledge	  and	  useful	  methods	  will	  be	  applied	  to	  check	  if	  the	  models	  are	  correct.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  i	  To	  have	  more	  information	  and	  to	  download	  ProM,	  one	  can	  do	  it	  in:	  www.processmining.org	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1.6 Thesis	  Structure	  	   This	   thesis	  will	   try	   to	   describe	   the	   application	   of	   process	  mining	   in	   a	  medical	   case.	  First,	  there	  will	  be	  a	  literature	  review,	  as	  it	  was	  compulsory	  to	  first	  gain	  insights	  of	  all	  the	  concepts	  needed	  in	  order	  to	  choose	  the	  correct	  tools	  to	  perform	  the	  whole	  study.	  	  Then,	   in	   chapter	   3,	   our	   case	  will	   be	   described,	   as	   well	   as	   all	   the	   steps	   that	   will	   be	  followed	   while	   applying	   process	   mining	   to	   our	   dataset.	   After,	   in	   chapter	   4,	   the	   steps	  explained	  theoretically	  in	  chapter	  3	  are	  applied	  to	  our	  case,	  focusing	  on	  the	  pre-­‐processing	  methodology.	  	  In	  chapter	  5	  the	  models	  for	  the	  HR	  and	  BP	  are	  drawn.	  Also,	  they	  will	  be	  explained	  and	  conclusions	  about	  these	  models	  and	  the	  results	  of	  the	  study	  will	  be	  discussed.	  	  To	   finish	   with,	   in	   chapter	   6	   we	   will	   conclude	   the	   study	   and	   give	   some	  recommendations	  for	  future	  studies.	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2. LITERATURE	  REVIEW	  	  	   Before	   starting	  with	  analyzing	   the	  case	   study,	   it	  was	  compulsory	   to	  get	  a	   theoretical	  explanation	  of	  the	  different	  concepts	  needed	  to	  perform	  a	  good	  study.	  To	  find	  the	  articles	  and	  books	  that	  provided	  this	  knowledge,	  we	  used	  several	  sources.	  To	  find	  articles	  related	  to	  medicine,	  we	   basically	   used	   Pub	  Med.	   On	   the	   other	   hand,	  when	   looking	   for	   scientific	  articles	  we	  used	  sources	  like	  Isi	  web	  of	  knowledge,	  Google	  Scholar	  and	  the	  TU/e	  library.	  	   To	  start	  with	  the	  literature	  review,	  first	  we	  focused	  on	  the	  medical	  issues	  by	  later	  start	  with	  the	  modeling	  perspective.	  	  
2.1 The	  Role	  of	  an	  Anesthesiologist	  in	  ERCP	  	   Sedation	  and	  analgesia	  are	  one	  of	  the	  prominent	  factors	  in	  most	  of	  the	  procedures	  in	  an	   operation	   room.	   According	   to	   the	   definition	   made	   in	   the	   study	   “Deep	   sedation	   for	  
endoscopic	  retrograde	  cholangiopacreatography”	  [Chainaky	  et	  al.,	  2011]	  they	  reduce	  pain,	  discomfort	  and	  stress	  in	  patients	  undergoing	  unpleasant	  and	  prolonged	  operation,	  such	  as	  can	   be	   the	   ERCP,	   and	   can	   contribute	   to	   better	   patient	   tolerance	   and	   compliance.	   The	  anesthesiologist’s	   role	   during	   an	   operation	   is	   the	   practice	   of	  medicine	   dedicated	   to	   the	  relief	  of	  pain	  and	  total	  care	  of	  the	  surgical	  patient	  before,	  during	  and	  after	  the	  surgery.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  1.	  Anesthesia	  Treatment	  Cycle	   	   	   	  
	   	   	   	   	   	  As	   the	   goal	   of	   the	   anesthesiologist	   is	   to	   keep	   the	   patient	   sedated	   only	   as	   long	   as	  necessary,	  depending	  on	  many	  different	   inputs,	   the	  different	  choices	  the	  specialists	  have	  in	  each	  specific	  case	  are	  countless.	  The	  way	  they	  work	  is	  always	  reacting	  to	  some	  specific	  physiologic	  stimulus.	  Hence,	  they	  target	  a	  goal	  and	  then	  control	  the	  patient.	  They	  have	  to	  
DECISION	  MAKING	  
MEDICAL	  KNOWLEGE	  
(Uncertain)	  PATIENT	  RELATED	  INFORMATION	  
TREATMENT	  
PATIENT	  
	   11	  
maintain	   the	   constants	   of	   the	  patients	   between	   the	   adequate	   values.	   To	  do	   it,	   obviously	  they	  do	  not	  act	  randomly,	  but	  sometimes	  their	  acts	  are	  not	  as	  consistent	  as	  they	  should	  be.	  The	   medical	   decision-­‐making,	   as	   depicted	   in	   Figure	   1,	   is	   influenced	   by	   the	   medical	  knowledge	   and	   the	   information	   relating	   to	   the	   patient	   [Lenz	   et	   al.,	   2007].	   During	   the	  procedure,	   clinicians	   will	   typically	   not	   have	   time	   to	   do	   research	   about	   how	   to	   face	   a	  specific	   situation.	   The	   decision	   taken	   will	   obviously	   change	   the	   treatment	   given	   to	   the	  patient	  and	  the	  treatment	  will	  have	  a	  major	  influence	  in	  the	  patient’s	  condition.	  As	  it	  can	  be	   easily	   deduced	   from	   the	   figure,	   this	   process	   is	   a	   cycle	   and	   the	   characteristics	  will	   be	  ever	   changing.	   The	   medical	   treatment	   process	   normally	   compromises	   observation	  reasoning	  and	  action.	  Each	  pass	  of	  this	  cycle	  is	  aimed	  to	  reduce	  the	  uncertainty	  about	  the	  patient’s	  state.	  	  	  Our	   study	   will	   focus	   on	   one	   procedure:	   the	   ERCP	   (Endoscopic	   Retrograde	  Cholangiopancreatography).	   As	   defined	   by,	   it	   is	   performed	   for	   both	   therapeutic	   and	  diagnostic	  purposes.	  It	  is	  useful	  for	  the	  diagnosis	  of	  several	  biliary	  and	  pancreatic	  diseases	  and	   also	   for	   various	   interventions	   such	   as	   sphincterotomy,	   gallstone	   extraction	   or	  fragmentation	  and	  biliary	  and	  pancreatic	  duct	   stenting	   [Kapoor	  et	  al.,	  2011;	  Chainaky	  et	  al.,	  2011].	  Anesthesia	  is	  one	  of	  the	  main	  factors	  involved	  in	  this	  operation.	  Apart	  from	  the	  general	   benefits	   of	   anesthesia	   stated	   before,	   in	   the	   ERCP	   it	   also	   reduces	   the	   danger	   of	  injuries	   due	   to	   inappropriate	   cooperation	   of	   the	   patient	   and	   facilitates	   the	   work	   of	   the	  endoscopist.	   	   Some	   patients	   undergoing	   ERCP	   usually	   just	   require	   moderate	   sedation,	  even	  though	  others	  will	  need	  a	  deeper	  sedation	  or	  even	  a	  general	  anesthesia.	  	  This	  opens	  a	  broad	  range	  of	  options	  in	  the	  performance	  of	  the	  anesthesia.	  	  In	  our	  study,	  we	  will	  not	  take	  into	  account	  the	  cases	  of	  general	  anesthesia,	  as	  it	  is	  not	  a	  very	  common	  procedure	  in	  our	  operation,	  and	  they	  are	  a	  complete	  different	  process.	  	  	  The	  choices	  and	  techniques	  of	  anesthesia	  and	  drug	  selection	  usually	  vary	  according	  to	  the	   conditions	   of	   the	   patient,	   familiarity	   of	   the	   anesthesiologist	   and	   satisfaction	   of	   the	  endoscopic	   specialists.	   Some	   articles	   [Amornyotin	   et	   al.,	   2004;	   Kapoor	   et	   al.	   2011,	   and	  Berzin	  et	  al.,	  2011]	   focused	  on	   this	   issue.	  The	  most	  used	  anesthetic	  agents	  are	  propofol,	  midazolam,	   ketamine	   and	   fentanyl.	   Normally,	   ERCP	   operations	   are	   performed	   under	   a	  monitored	  anesthesia	  care,	  and	  the	  patient	  is	  normally	  placed	  in	  a	  prone	  position.	  	  	   In	   order	   to	   know	   how	   the	   anesthesia	   care	   during	   the	   whole	   perioperative	   is	   really	  performed,	  it	  would	  be	  useful	  to	  have	  a	  look	  at	  the	  anesthesia	  protocol	  of	  this	  operation.	  It	  is	  taken	  from	  the	  anesthesiology	  department	  of	  the	  USP	  Institut	  Dexeus	  in	  Barcelona	  and	  can	  be	  found	  in	  the	  appendix.	  	  
2.2 Possible	  Outcomes	  and	  Risks	  in	  ERCP	  	   In	  order	  to	  focus	  our	  study	  on	  what	  is	  really	   interesting	  in	  the	  anesthesia	  care	  of	  the	  ERCP,	  it	  is	  noteworthy	  to	  know	  what	  the	  main	  outcomes	  and	  risks	  are	  that	  this	  procedure	  can	  cause	  the	  patient	  to	  encounter.	  	  Usually,	   in	   healthcare	   procedures,	   one	   can	   find	   three	   types	   of	   operations:	   the	  emergency,	   the	   urgent	   and	   the	   elective	   ones.	   The	   Endoscopic	   Retrograde	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Cholangiopancreatography,	   for	   its	   own	   characteristics,	   can	   be	   classified	   as	   any	   of	   them	  depending	   on	   the	   necessity	   of	   the	   operation.	   However,	   in	   our	   study,	   because	   the	   data	  given	   was	   previously	   filtered,	   only	   elective	   cases	   were	   taken	   into	   account.	   Elective	  surgeries	  are	  procedures	  done	   in	  order	  to	   improve	  the	  quality	  of	   life	  of	   the	  patients	  and	  can	  be	  rejected	  if	  needed.	  With	  the	  mortality	  rate	  being	  very	  low	  in	  elective	  surgeries,	  the	  key	  outcome	  targeted	  in	  our	  study	  cannot	  be	  avoiding	  this	  risk.	  	   The	  performance	  of	  this	  operation	  carries	  some	  inner	  risks	  that	  have	  to	  be	  taken	  into	  account.	  According	  to	  some	  of	  the	  studies	  completed	  until	  now,	  [Kapoor	  et	  al.,	  2011],	  the	  most	  frequent	  anesthetic	  complications	  are	  hypotension	  and	  hypertension.	  However	  one	  must	   not	   only	   consider	   the	   anesthetic	   complications,	   but	   also	   the	   risk	   of	   the	   operation	  itself.	   An	   interesting	   study	   was	   performed	   in	  order	  to	  know	  the	  overall	  complication	  rate	  and	  risk	  factors	  for	  both	  diagnostic	  and	  therapeutic	  ERCP	   [Vandervoort	   et	   al.,	   2002].	   	   The	   results	  from	  the	  1223	  ERCP’s	  performed	  are	  as	  follows:	  	  Notice	   that	   the	   pancreatitis	   was	   the	  complication	   that	   affected	   more	   patients	   after	  the	  ERCP,	  and	  the	  other	  complications,	  such	  as	  bleeding	   or	   cholangitis,	   affected	   a	   reduced	  number	  of	  patients.	  Other	  factors	  that	  are	  more	  related	  to	  the	  anesthesia	  care,	  such	  as	  hypoxia,	  pain	   or	   hypotension	   have	   a	   low	   value	   in	   this	  study,	  probably	  because	  this	  study	  had	  a	  broad	  scope.	  
	  	  	  	  	  Table	  1.	  Study	  of	  the	  Risk	  in	  an	  ERCP	  It	   was	   also	   interesting	   to	   analyze	   another	   study,	   which	   was	   more	   focused	   on	   the	  anesthetic	  risks	  of	  the	  ERCP,	  carried	  out	  by	  the	  Beth	  Israel	  Deaconess	  Medical	  Center	  and	  Harvard	  Medical	  School	  in	  Boston.	  It	  determined	  that	  the	  most	  important	  intraprocedure	  sedation-­‐related	  event	  was	  hypoxia	  (12,5%),	  while	  hypotension	  and	  arrhythmia	  were	  also	  important	  with	  (7,2%	  and	  3,8%	  respectively).	  Talking	  about	  the	  post	  procedure	  sedation-­‐related	  events,	  which	  occurred	  in	  less	  procedures,	  were	  also	  hypoxia	  (2,1%),	  hypotension	  (1%)	  and	  arrhythmia	  (2,3%).	  	  Once	  the	  risks	  of	  the	  whole	  procedure	  are	  known,	  in	  order	  for	  the	  anesthesiologists	  to	  recognize	   how	   they	   performed	   during	   the	   whole	   perioperative,	   well-­‐defined	   outcomes	  will	  be	  needed.	  If	  the	  patient	  has	  nausea	  or	  vomiting	  it	  could	  be	  important	  feedback	  for	  the	  anesthesiologists,	  but	  unfortunately	  no	  data	  about	  it	  was	  recorded	  in	  our	  dataset.	  	  	  Hence,	  the	  outcome	  will	  have	  to	  be	  related	  not	  only	  to	  the	  goals	  of	  the	  study	  but	  also	  to	  the	   data	   given.	   There	   will	   be	   many	   different	   options	   of	   how	   to	   approach	   the	   outcome.	  Usually,	   in	  medical	  environments,	   this	  outcome	  can	  be	  related	   to	   the	  percentage	  of	   time	  that	   the	   patient	   was	   in	   what	   is	   defined	   as	   normal	   range	   of	   a	   recorded	   vital	   sign.	   For	  instance,	   if	  a	  patient’s	  vital	  sign	  is	  more	  than	  90%	  of	  the	  time	  under	  the	  normal	  range	  of	  values,	   one	   can	   assure	   that	   according	   to	   that	   variable	   the	   operation	   went	   as	   expected.	  
	   13	  
Another	  way	  to	  check	  the	  outcome	  will	  be	  by	  knowing	  how	  many	  events	  are	  over	  a	  certain	  defined	  threshold.	  	  	  	  In	  our	  study,	  there	  could	  be	  many	  outcomes	  to	  study,	  such	  as:	  	   -­‐ Hypotension:	   if	   the	   blood	   pressure	   drops	   below	   70	   mmHg,	   the	   patient	   is	  suffering	  hypotension.	  	  -­‐ Hypertension:	  blood	  pressure	  over	  105	  mmHg.	  -­‐ Hypoxia:	  the	  O2	  saturation	  drops	  to	  a	  level	  lower	  than	  85%.	  -­‐ Cardiac	   arrhythmia:	  when	   the	   heart	   rate	   is	   above	   100	   beats	   per	  minute,	   the	  patient	  will	   have	   high	   heart	   rate,	   and	  when	   this	   value	   is	   below	   60	   bpm,	   the	  patient	  will	  have	  low	  heart	  rate.	  -­‐ Recovery	   time:	   the	   patient	   is	   still	   in	   the	   procedure	   until	   he	   is	   awake,	   the	  constants	  are	  at	  a	  normal	  level,	  he	  feels	  no	  pain	  and	  he	  is	  not	  bleeding.	  	   We	  will	   analyze	   the	  data	  by	  defining	   thresholds.	   If	   a	   value	   is	  over	   the	   threshold,	   an	  event	  will	  be	  created.	  	  As	  said	  before,	  we	  basically	  want	  to	  focus	  on	  the	  effect	  of	  pain	  and	  anxiety	  during	  the	  operation.	  This	  is	  the	  reason	  why	  in	  our	  study	  we	  want	  to	  measure	  as	  outcome	  high	  heart	  rates	  and	  high	  blood	  pressure	  values.	  Hence,	  we	  will	  focus	  on	  studying	  the	  effects	  of	  hypertension	  and	  arrhythmia.	  Previous	  studies	  of	   the	  ERCP,	   	   [Berzin	  et	  al.,	  2011],	   stated	   that	   for	   the	   correct	   development	   of	   the	   study,	   these	   values	   have	   to	   be	  parameterized,	  so	  setting	  specific	  values	  and	  thresholds	  will	  be	  very	  important.	  	  	  	  
2.3 Choosing	  and	  Clustering	  the	  Drugs	  
	   In	  the	  anesthesia	  care	   in	  ERCP,	  anesthesiologists	  can	  choose	  between	  many	  different	  drugs.	   This	   choice	   of	   anesthetic	   technique	   and	   drugs	   is	  made	   according	   to	   the	   patient’s	  characteristics,	   the	   own	   expertise	   of	   the	   anesthesiologist,	   the	   satisfaction	   of	   the	  endoscopists	  and	  on	  the	  standard	  protocols	  of	  each	  hospital	  [Amornyotin	  et	  al.,	  2004].	  It	  is	  not	   an	  easy	  decision,	   because	   there	   are	  many	   factors	   that	   should	  be	   taken	   into	   account.	  Every	  drug	  has	  its	  very	  own	  features:	  it	  can	  be	  the	  very	  best	  option	  in	  a	  certain	  situation	  and	   can	   be	   a	  wrong	   choice	   in	   a	   very	   similar	   one.	   Another	   important	   factor	   to	   take	   into	  account	  is	  the	  cost	  of	  each	  drug.	  Sometimes,	  even	  if	  it	  is	  known	  that	  one	  drug	  will	  have	  a	  better	  performance	   in	  a	  certain	  situation,	   if	   its	  cost	   is	   too	  high	  compared	  to	  another	  one	  whose	  yield	  is	  not	  far	  from	  the	  more	  expensive,	   in	  many	  situations	  the	  cheap	  option	  will	  be	  used.	  By	  saying	  this,	  it	  also	  has	  to	  take	  into	  account	  the	  possible	  comorbidities	  of	  each	  specific	  case.	  	  	  In	  both	  the	  databases	  given,	  the	  drugs	  were	  first	  given	  in	  three	  different	  sheets.	  First,	  there	  were	  the	  bolus	  drugs.	  These	  drugs	  are	  administered	  to	  raise	  their	  concentration	  in	  blood	  to	  a	  desired	  level.	  Normally,	  these	  drugs	  are	  given	  intravenously,	  even	  though	  there	  are	   also	   other	   ways	   to	   do	   it,	   such	   as	   intramuscular,	   intratracheal	   or	   subcutaneous	  injection.	  These	  drugs	  are	  normally	  given	  to	  the	  patient	  at	  a	  high	  speed,	   in	  a	  single	   large	  dosage.	   In	   our	   study,	  we	  will	   take	   into	   consideration	   that	   these	   drugs	   are	   administered	  instantaneously.	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Table	  2	  Bolus	  drugs	  in	  the	  large	  dataset	  ii	  The	  second	  group	  is	  the	  infusion	  drugs,	  in	  which	  propofol	  will	  be	  the	  main	  drug	  used.	  In	   our	   study,	   all	   the	   infusion	   drugs	   are	   administered	   intravenously,	   even	   though	  subcutaneous,	   arterial	   and	   epidural	   infusions	   are	   also	   possible.	   These	   drugs	   can	   be	  administered	   as	   a	   continuous,	   intermittent	   or	   as	   patient	   controlled	   infusion.	   Other	  infusion	  drugs	  used	  are	  norepinephrine,	  phenylephrine,	  lidocaine	  or	  diliazem.	  These	  other	  infusion	  drugs	  are	  administered	  when	  the	  patient	  cannot	  be	  given	  propofol.	  For	  instance,	  while	  checking	  the	  database,	  these	  drugs	  are	  only	  given	  in	  very	  few	  patients.	  Ditizalem	  is	  given	  to	  only	  one	  patient	  (699),	  while	  lidocaine	  to	  three	  (407,	  408,	  411),	  norepinephrine	  to	  two	  (32,	  699),	  or	  phenyleprhine	  to	  six	  (73,	  118,	  464,	  571,	  655,	  811	  and	  829).	  	  	  	  Some	   hypothesis	   can	   be	   made	   regarding	   why	   the	   anesthesiologist	   does	   not	  administer	   propofol	   in	   those	   specific	   patients.	   As	   propofol	   is	   the	   standard	   drug	   used	   in	  administering	  an	  infusion	  drug,	  in	  the	  cases	  that	  it	  is	  not	  given,	  something	  unusual	  will	  be	  happening.	   Propofol	   is	   known	   to	  have	  between	  1%	  and	  1.2%	  purified	   egg	  phospholipid	  (emulsifier),	   so	   it	   can	   cause	  a	  bad	  effect	   to	  patients	   that	  have	  egg	   allergy.	   In	   the	   small	   dataset,	   only	   one	   patient	   was	   given	  propofol	  (patient	  9).	   It	  can	  be	  checked	  that	   first	  a	  small	  bolus	  of	   propofol	   is	   given,	   and	   then,	   when	   the	   infusion	   drug	   is	  administered,	  phenylephrine	  was	  the	  drug	  chosen.	  This	  makes	  us	   think	   that	   the	   first	   dosage	   given	   could	   have	   produced	   an	  allergic	  reaction	  in	  the	  patient.	   	   	   	  	   	   	  	  We	  can	  conclude	  that	  in	  most	  of	  the	  cases	  that	  other	  drugs	  are	  administered	  as	  bolus,	  the	  most	  reasonable	  cause	  was	  egg	  intolerance.	  
Figure 2.Propofol	  The	  last	  group	  of	  drugs	  that	  were	  given	  in	  the	  database	  is	  the	  inhalation	  drugs.	  In	  our	  study,	  those	  drugs	  will	  be	  basically	  oxygen,	  but	  also	  N20	  and	  air	  will	  be	  given.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ii	  Drugs	  marked	  with	  a	  *	  are	  those	  who	  appear	  also	  in	  the	  small	  database.	  	  
Ampicillin*	   Glucagon*	   Morphine	  -­‐	  IV	  Atropine	   Glycopyrrolate*	   Neostigmine	  Cefazolin	   Haloperidol	   Nitroglycerin	  Ciprofloxacin*	   Hydralazine	   Norepinephrine	  Clindamycin	   Hydrocortisone*	   Ondansetron*	  Dexamethasone	   Hydromorphone	   Phenylephrine*	  Dexmedetomidine	   Ketamine*	   Piperacillin	  Diphenhydramine	   Labetalol*	   Propofol*	  Ephedrine*	   Levofloxicin	   Rocuronium	  Epinephrine	   Lidocaine*	   Scopolamine	  -­‐	  patch	  Esmolol	   Linezolid	   Succinylcholine*	  Etomidate*	   Meropenem	   Unasyn	  (Amp/Sulbactam)*	  Famotidine	   Metoprolol	   Vancomycin*	  Fentanyl*	   Metronidazole*	   Vecuronium	  Gentamicin*	   Midazolam*	   Zosyn	  (Pip/Tazo)	  
	   15	  
There	   will	   be	   some	   drugs	   that	   are	   administered	   very	   few	   times.	   Depending	   on	   the	  scope	  of	  each	  specific	  model,	  especially	  while	  modeling	  the	  dominant	  one,	  they	  will	  not	  be	  worth	  studying.	  Therefore,	  some	  drugs	  will	  be	  filtered	  out	  of	  the	  study.	  The	  way	  to	  do	  so	  will	  be	  explained	  in	  the	  preprocessing	  steps.	  	   In	   order	   to	   simplify	   the	   study	   and	   be	   able	   to	   get	   more	   understandable	   and	   better	  results,	   it	  was	  agreed	  that	  making	  clusters	  between	  the	  different	  anesthetics	  used	  would	  be	  interesting	  in	  the	  future	  steps	  of	  the	  study.	  Indeed,	  clustering	  techniques	  can	  be	  used	  as	  a	   preprocessing	   step.	   Moreover,	   they	   will	   be	   one	   of	   the	   most	   important	   steps	   while	  adapting	  the	  database	  to	  apply	  process	  mining	  techniques.	  By	  using	  clustering	  techniques,	  it	  is	  possible	  to	  divide	  traces	  into	  clusters.	  So	  similar	  types	  of	  behavior,	  drugs	  in	  this	  case,	  are	  grouped	  into	  the	  same	  cluster.	  It	  is	  not	  always	  easy	  to	  make	  this	  kind	  of	  classification,	  due	   to	   the	   reliance	   of	   the	   result	   to	   the	   outcome	   of	   each	   anesthetics	   depending	   on	   the	  dosage	  given,	  the	  patient	  characteristics	  or	  the	  duration	  of	  the	  surgery.	  Therefore,	  adding	  medical	  knowledge	  to	  these	  clusters	  will	  be	  extremely	  important.	  In	  our	  study,	  a	  medical	  specialist	  helped	  while	  doing	  the	  classification.	  As	  these	  clusters	  are	  made	  in	  order	  to	  help	  us	  while	  carrying	  out	  the	  study,	  they	  have	  to	  reflect	  the	  final	  objective	  of	  the	  study.	  From	  all	  the	  drugs	  used	  in	  the	  study,	  three	  different	  groups	  will	  be	  created.	  	  	   First,	  there	  will	  be	  medication	  that	  should	  have	  a	  direct	  effect	  on	  the	  blood	  pressure	  or	  the	  heart	  rate.	  	  Drugs	  in	  this	  cluster	  are	  administered	  in	  a	  response	  to	  a	  blood	  pressure	  of	  heart	  rate	  issue,	  and	  therefore,	  the	  doctor’s	  goal	  is	  to	  see	  the	  response	  that	  is	  listed	  in	  the	  spreadsheet.	  These	  drugs	  will	   treat	  heart	  rates	  or	  blood	  pressure	   that	  are	  not	  related	   to	  pain	  or	  anxiousness.	  For	  example,	  esmolol	  is	  administered	  when	  the	  goal	  is	  only	  to	  reduce	  the	  heart	  rate.	  	  
	  
Table	  3.	  Drugs	  Used	  to	  Deal	  with	  BP	  and	  HR	  
DRUG	  NAME	   STANDARD	  USE	   BLOOD	  PRESSURE	   HEART	  RATE	  
Hydralazine	   Acts	   on	   the	   cardiovascular	  system	   Moderate	   to	   significant	  decrease	   Moderate	   increase	   unless	  used	   in	   combination	   with	  labetalol,	   esmolol	   or	  metoprolol	  	  
Norepinephrine	   Stimulant	   of	   the	   'alpha'	  and	   'beta'	   receptors	   in	   the	  cardiovascular	  system	   Significant	  increase	  	   Minimal	  
Phenylephrine	   Stimulant	   of	   the	   'alpha'	  receptors	   in	   the	  cardiovascular	  system	   Significant	  increase	  	   Minimal	  
Labetalol	   Blocks	   'beta'	   receptors	   in	  heart	   Moderate	   to	   significant	  decrease	  	   Moderate	   to	   significant	  decrease	  	  
Esmolol	   Blocks	   'beta'	   receptors	   in	  heart	   Moderate	   to	   significant	  decrease	  	   Moderate	   to	   significant	  decrease	  	  
Metoprolol	   Blocks	   'beta'	   receptors	   in	  heart	   Moderate	   to	   significant	  decrease	  	   Moderate	   to	   significant	  decrease	  	  
	   16	  
From	  these	  drugs,	  while	  carrying	  on	  with	  the	  heart	  rate	  or	  blood	  pressure	  studies,	  as	  we	  will	  focus	  on	  the	  high	  values,	  we	  will	  only	  consider	  the	  drugs	  that	  have	  an	  influence	  on	  decreasing	   these	  high	  values.	  Hence,	  we	  will	   cluster	   these	  drugs	  as	  beta-­‐blockers,	  which	  are	   normally	   used	   for	   the	   management	   of	   arrhythmias,	   cardio	   protection	   after	   heart	  attacks	  and	  hypertension.	  The	  ones	  used	  in	  our	  study	  are:	  	   -­‐ Labetalol	  -­‐ Esmolol	  -­‐ Metropolol	  	   The	  second	  cluster	  will	  be	  referred	  to	  the	  drugs	  used	  to	  manage	  anxiety	  or	  pain.	  They	  can	  have	   an	   indirect	   effect	   of	   lowering	   the	  heart	   rate	  or	  blood	  pressure	   if	   the	  patient	   is	  anxious	   or	   feeling	   pain.	   Some	   of	   these	   drugs	   can	   also	   have	   a	   primary	   effect	   of	   reducing	  blood	   pressure	   (side	   effect)	   even	   if	   the	   patient	   is	   not	   in	   pain	   or	   anxious.	   For	   example,	  midazolam	  is	  administered	  to	  reduce	  the	  anxiety	  of	   the	  patient,	  making	  him	  relaxed	  and	  sleepy.	  However,	  the	  blood	  pressure	  will	  also	  decrease	  mainly	  due	  to	  the	  relaxing	  effects	  of	  the	  medication,	  but	  also	  because	  of	  the	  direct	  effect	  on	  the	  cardiovascular	  system.	  	  From	  this	  second	  cluster,	  we	  will	  divide	  the	  drugs	  into	  two	  groups	  that	  will	  be	  used	  in	  our	   study.	   First,	   there	   will	   be	   the	   drugs	   that	   have	   a	   major	   impact	   while	   the	   patient	   is	  dealing	  with	   anxiety,	   the	   anxiolytics,	   in	  which	   one	  mostly	   can	   find	  midazolam,	   and	   also	  there	  will	  be	  the	  drugs	  that	  are	  administered	  when	  the	  patient	  feels	  pain,	  the	  analgesics.	  The	  drug	  most	  used	  to	  do	  so	  is	  propofol.	  When	  filtering	  the	  data,	  in	  many	  studies	  there	  will	  be	  very	  few	  cases	  of	  these	  drugs,	  specially	  haloperidol,	  etomidate	  and	  hydromorphone.	  	   	  	  
DRUG	  NAME	   STANDARD	  USE	   BLOOD	  PRESSURE	   HEART	  RATE	  
Morphine	  -­‐	  IV	   Sedative	   and	   analgesic	  (pain	  reliever)	   Dose-­‐dependent	  decrease	  	   Dose-­‐dependent	  decrease	  	  
Haloperidol	   Antipsychotic	   medication,	  sometimes	   used	   to	   help	  with	  sedation	  	  
Minimal	   effect	   by	   itself,	  can	   produce	   significant	  decrease	   if	   patient	   is	  very	  anxious	  or	  agitated	  	  
Minimal	   effect	   by	   itself,	  can	   produce	   significant	  decrease	   if	   patient	   is	  very	  anxious	  or	  agitated	  	  
Hydromorphone	  
	  
Sedative	   and	   analgesic	  (pain	  reliever)	  	   Dose-­‐dependent	  decrease	  	   Dose-­‐dependent	  decrease	  	  
Dexmedetomidine	  
	  
Hypnotic,	  used	  to	  relax	  and	  eliminate	   anxiousness	   and	  awareness	  	  
Slight	  decrease	  by	  itself,	  can	   produce	   significant	  decrease	   if	   patient	   is	  very	  anxious	  	  
Slight	  decrease	  by	  itself,	  can	   produce	   significant	  decrease	   if	   patient	   is	  very	  anxious	  	  
Propofol	  
	  
Sedative,	   used	   to	   induce	  unconsciousness/eliminate	  awareness	  	  
Dose-­‐dependent	  decrease,	   can	   produce	  significant	   decrease	   if	  patient	  is	  very	  anxious	  	  
Dose-­‐dependent	  decrease,	   can	   produce	  significant	   decrease	   if	  patient	  is	  very	  anxious	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Etomidate	  
	  
Hypnotic,	  used	  to	  relax	  and	  eliminate	   anxiousness	   and	  awareness	   Minimal	   by	   itself,	   can	  produce	   significant	  decrease	   if	   patient	   is	  very	  anxious	  
Minimal	   by	   itself,	   can	  produce	   significant	  decrease	   if	   patient	   is	  very	  anxious	  	  
Fentanyl	  
	  
Sedative	   and	   analgesic	  (pain	  reliever)	  	   Dose-­‐dependent	  decrease,	   can	   have	  significant	   decrease	   if	  patient	  is	  very	  anxious	  	  
Dose-­‐dependent	  decrease,	   can	   have	  significant	   decrease	   if	  patient	  is	  very	  anxious	  	  
Midazolam	  
	  
Sedative,	   used	   to	   reduce	  anxiety,	   induce	  unconsciousness/eliminate	  awareness	  	  
Slight	  decrease	  by	  itself,	  can	   produce	   significant	  decrease	   if	   patient	   is	  anxious	  or	  in	  pain	  	  
Minimal	   by	   itself,	   can	  produce	   significant	  decrease	   if	   patient	   is	  very	  anxious	  or	  in	  pain	  	  
Table	  4.	  Drugs	  Used	  to	  Deal	  with	  Anxiety	  or	  Pain	  Anxiolytics:	  -­‐Midazolam	  -­‐Haloperidol	  	  -­‐Dexmedetomidine	  -­‐Etomidate	  	  Analgesics:	  -­‐ Morphine	  IV	  -­‐ Hydromorphone	  	  -­‐ Propofol	  -­‐ Fentanyl	  	   The	  last	  cluster	  will	  be	  related	  to	  the	  drugs	  administered	  when	  the	  patients	  are	  given	  a	  general	  anesthetic,	  and	  put	  onto	  a	  respirator.	  These	  drugs	  can	  also	  be	   labeled	  as	  muscle	  relaxants.	  As	  in	  our	  study	  we	  will	  only	  take	  into	  account	  the	  non	  general	  anesthetic	  cases,	  the	  drugs	  in	  this	  cluster	  will	  be	  filtered	  from	  the	  database	  and	  hence,	  not	  used	  in	  the	  study.	  The	  way	  they	  will	  be	  filtered	  will	  be	  discussed	  in	  succeeding	  chapters	  of	  the	  thesis.	  	  
DRUG	  NAME	   STANDARD	  USE	   BLOOD	  PRESSURE	   HEART	  RATE	  
Succinylcholine	   Muscular	  blockade/paralyzing	  agent	   used	   for	   general	  anesthetic	  	  
Brief	   significant	  reduction	  	   Can	   cause	   a	   brief	  significant	   decrease	   if	  not	   used	   in	   combination	  with	  atropine	  	  
Vecuronium	  
	  
Muscular	  blockade/paralyzing	  agent	   used	   for	   general	  anesthetic	  	  
Minimal	  	   Minimal	  	  
Table	  5.	  Drugs	  Used	  in	  General	  Anesthesia	  	   Many	  other	  different	  categorizations	  could	  be	  performed.	  For	  instance,	  when	  the	  first	  database	  was	  given,	  two	  classifications	  were	  made.	  To	  perform	  these	  two	  classifications,	  a	  part	   from	   advice	   from	   medical	   specialists,	   several	   sources	   were	   used:	   “Anestesiologia	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clinica”,	  “Miller’s	  anesthesia”	  and	  “Farmacologia	  en	  Anestesia”.	   The	   first	   classification	  was	  related	   to	   the	   standard	   use	   and	   the	   family	   of	   each	   drug.	   This	   information	   was	   already	  given	   while	   performing	   the	   clusters	   explained	   above.	   Obviously,	   not	   all	   the	   drugs	  administered	  during	  the	  operation	  were	  included	  in	  the	  three	  clusters.	  Notice	  that	  most	  of	  the	  drugs	  here	  are	  antibiotics.	  The	  uses	  of	  the	  other	  drugs	  are	  explained	  in	  the	  table	  below.	  	  
DRUG	  NAME	   STANDARD	  USE	  
Ampicillin	   Antibiotic	  
Glucagon	   Decrease	  gastrointestinal	  motility	  
Atropine	   Decrease	  secretions	  
Glycopyrrolate	   Decrease	  gastrointestinal	  motility	  
Neostigmine	   Reverses	  muscular	  blockade/paralyzing	  agent	  used	  for	  general	  anesthetic	  
Cefazolin	   Antibiotic	  
Nitroglycerin	   Improves	  blood	  flow	  in	  coronary	  arteries/used	  when	  there	  is	  chest	  pain	  
Ciprofloxacin	   Antibiotic	  
Clindamycin	   Antibiotic	  
Hydrocortisone	   Steroid	  
Ondansetron	   Reduces	  acid	  production	  in	  stomach	  
Dexamethasone	   Steroid	  
Ketamine	   Sedative-­‐hypnotic,	  used	  to	  eliminate	  anxiousness	  and	  awareness	  
Piperacillin	   Antibiotic	  
Diphenhydramine	   Used	  to	  treat	  allergic	  reactions	  
Ephedrine	   Acts	  on	  the	  cardiovascular	  system	  
Levofloxicin	   Antibiotic	  
Rocuronium	   Muscular	  blockade/paralyzing	  agent	  used	  for	  general	  anesthetic	  
Epinephrine	   Stimulant	  of	  the	  'alpha'	  and	  'beta'	  receptors	  in	  the	  cardiovascular	  system	  
Lidocaine	   Local	  anesthetic	  and	  controls	  abnormal	  rhythms	  in	  heart	  
Scopolamine	  -­‐	  patch	   Anti-­‐nausea	  medication	  
Linezolid	   Antibiotic	  
Meropenem	   Antibiotic	  
Unasyn	  (Amp/Sulbactam)	   Antibiotic	  
Famotidine	   Reduces	  acid	  production	  in	  stomach	  
Vancomycin	   Antibiotic	  
Metronidazole	   Antibiotic	  
Gentamicin	   Antibiotic	  
Zosyn	  (Pip/Tazo)	   Antibiotic	  
Table	  6.	  Uses	  of	  the	  Other	  Drugs	  in	  the	  Dataset	  Once	  the	  different	  drugs	  were	  classified,	  and	  a	  clear	  idea	  of	  what	  they	  do	  is	  gained,	  if	  a	  more	  general	  scope	  is	  sought	  in	  the	  study,	  it	  could	  be	  interesting	  to	  include	  all	  the	  drugs	  in	  the	  study	  while	  creating	   the	  clusters.	  To	  do	  so,	  more	  general	  clusters	   in	  order	   to	  reduce	  the	  granularity	  of	  the	  data	  have	  to	  be	  created.	  Many	  drugs	  have	  a	  similar	  goal,	  even	  though	  they	  will	  not	  have	  the	  exact	  same	  effect	  on	  the	  patient,	  they	  have	  some	  similarities	  on	  how	  the	  patient	  reacts	  to	  them.	  If	  they	  do,	  they	  can	  be	  classified,	  as	  the	  same	  group.	  	  	  For	  instance,	  a	  classification	  that	  includes	  all	  drugs	  in	  the	  study	  can	  be:	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First,	  there	  will	  be	  the	  drugs	  that	  are	  used	  in	  the	  general	  anesthetic	  cases.	  These	  drugs	  can	  be	  described	  as	  muscle	  relaxants.	  As	  in	  the	  clusters	  made	  to	  study	  the	  heart	  rate	  and	  the	  blood	  pressure,	  the	  drugs	  in	  this	  cluster	  will	  only	  be	  succinylcholine	  and	  vecuronium.	  The	   hypnotic	   drugs	   form	   the	   second	   group.	   They	   are	   the	   most	   utilized	   drugs	   in	   the	  anesthesia	   care	   in	  ERCP.	   Its	   primary	   function	   is	   to	   induce	   sleep.	   In	   this	   cluster,	   one	   can	  find	   drugs	   such	   as	   propofol,	   fospropofol,	   or	   ketamine.	   Also	   a	   benzodiazepine	   like	  midazolam	  will	  be	  classified	  with	  them	  although	  it	  is	  also	  used	  to	  reduce	  anxiety,	  to	  relax	  the	  patient	  and	  can	  produce	  amnesia.	  Later,	  it	  also	  can	  be	  classified	  as	  a	  sedative.	  	  	  The	  third	  cluster	  will	  be	  the	  analgesics,	  which	  will	  be	  intended	  to	  eliminate	  pain	  to	  the	  patient.	  In	  our	  study,	  fentanyl	  will	  be	  the	  main	  analgesic	  used.	  	  	  The	   last	   cluster	   will	   be	   what	   we	   call	   coadjuvants	   drugs,	   which	   will	   include	   many	  different	  drugs	  whose	  effect	  is	  not	  directly	  related	  to	  any	  of	  the	  other	  three	  clusters.	  Many	  different	  drugs	  will	  appear	  in	  this	  cluster,	  and	  it	  will	  be	  very	  heterogeneous,	  there	  will	  be	  	  	  some	  sub	  clusters.	  	  	  Some	   of	   them	   will	   be	   the	   receptor	   antagonists	   of	   5-­‐HT3	   (ondansetron)	   which	   are	  meant	   to	   reduce	   nausea,	   the	   peptide	   hormone	   (glucagol),	   that	   are	  motility	   inhibitors	   in	  examinations	  of	  the	  gastrointestinal	  tract,	  the	  anticholinergic	  (glycopyrrolate)	  that	  reduce	  secretions,	  the	  antihypertensive	  (labetalol)	  that	  reduce	  heart	  rate	  and	  blood	  pressure,	  the	  local	  anesthetics	  (lidocaine),	  which	  can	  numb	  the	  skin	  or	  tissue,	  the	  adrenergic	  agonists	  or	  vasopressors	   (ephedrine	  and	  phenylephrine),	   that	   increase	  blood	  pressure,	   and	  also	   the	  antibiotics	   (ampicillin,	   ampicillin/sulbactam	  	   (unasyn),	   ciprofloxacin,	   gentamicin,	  metronidazole	   and	   vancomycin),	   that	   are	   meant	   to	   kill	   or	   slow	   down	   the	   growth	   of	  bacteria.	  	  	  
2.4 Introduction	  to	  Process	  Mining	  	  	   In	  the	  previous	  chapters	  we	  have	  talked	  about	  the	  medical	  point	  of	  view	  of	  the	  study	  to	  get	   insights	   of	   the	   medical	   perspective,	   but	   obviously	   this	   study	   will	   be	   about	   the	  applicability	   of	   information	   systems	   in	   the	   medical	   environment.	   As	   said	   in	   the	  introductory	  part,	  process	  mining	  techniques	  will	  be	  used.	  Process	  mining,	  as	  said	  in	  the	  Process	   Mining	   Manifesto,	   is	   a	   young	   research	   discipline	   that	   stands	   between	  computational	   intelligence	   and	   data	   mining	   on	   one	   hand	   and	   process	   modeling	   and	  analysis	  on	  the	  other.	  	  It	  aims	  at	  extracting	  non-­‐trivial	  and	  useful	  information	  from	  event	  logs.	  The	  main	  idea	  is	  to	  discover,	  monitor	  and	  improve	  real	  processes	  by	  extracting	  knowledge	  automatically	  from	  real	  data	  [Mans	  et	  al.,	  2009;	  Aalst	  and	  Weijters,	  2005;	  Aalst	  et	  al.,	  2007].	  These	  event	  logs,	  which	  record	  parts	  of	  the	  behavior	  of	  the	  process	  and	  can	  be	  originated	  from	  all	  kind	  of	   information	   systems,	   typically	   contain	   information	   about	   the	   start/completion	   of	  processes	  steps	  together	  with	  related	  context	  data	  [Rozinat	  et	  al.,	  2009].	  Each	  event	  refers	  to	   an	   activity,	   a	   well-­‐defined	   step	   in	   the	   process.	   To	   produce	   the	   final	   model,	   process	  mining	   will	   also	   need	   further	   information,	   such	   as	   timestamps,	   the	   originator	   or	   the	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identification	  of	   the	  event.	  The	  minimum	  requirements	   for	  process	  mining	  are	  a	  case	  ID,	  an	   activity	   name,	   and	   a	   timestamp	  per	   event	   to	   reconstruct	   the	   history	   of	   each	   process	  instance.	   In	   our	   database,	   we	   will	   filter	   the	   information	   in	   order	   to	   have	   these	   three	  requirements.	  	  Event	  logs,	  even	  though	  most	  of	  the	  times	  are	  not	  noticed,	  are	  everywhere:	  machines,	  hospitals,	   municipalities,	   airports,	   or	   even	   on	   the	   Internet.	   They	   can	   be	   produced	   in	  different	   ways,	   from	   the	   information	   systems	   that	   produce	   Process-­‐Aware	   Information	  Systems	  (PAISs)	  such	  as	  ERP	  (Enterprise	  Resouce	  Planning)	  like	  SAP	  and	  CRM	  (Customer	  Resource	  Planning)	  like	  Microsoft	  Dynamics	  CRM	  to	  a	  variety	  of	  different	  systems	  that	  can	  record	  events,	  what	  are	  called	  embedded	  systems.	  In	  hospitals	  one	  can	  find	  many	  of	  these	  systems.	  The	  record	  of	  the	  events	  in	  a	  hospital	  can	  be	  done	  either	  within	  one	  department,	  or	  also	  across	  different	  departments.	  One	  example	  could	  be	  the	  “CUSTOMerCARE	  Remote	  Services	   Network”	   of	   Philips	   Medical	   Systems	   (PMS	   for	   short),	   which	   is	   a	   worldwide	  internet-­‐based	  private	  network	  that	  links	  PMS	  equipment	  to	  remote	  service	  centers.	  Any	  event	  that	  occurs	  within	  an	  X-­‐ray	  machine	  (like	  moving	  the	  table	  or	  setting	  the	  deflector)	  is	   recorded	   and	   can	   be	   analyzed	   remotely	   by	   PMS	   [Aalst	   et	   al.,	   2007;	   Aalst	   et	   al.,	   2009,	  Mans	  et	  al.,	  2009,	  Rozinat	  et	  al.,	  2009].	  	   The	  main	  benefit	  of	  these	  techniques,	  however,	  is	  that	  the	  models	  acquired	  from	  them	  are	  based	  on	  real	  executions	  of	  the	  process.	  Hence,	  the	  results	  given	  by	  the	  modeling	  give	  insight	  of	  what	  is	  really	  happening	  during	  the	  processes	  and	  the	  knowledge	  provided	  can	  be	   used	   for	   the	   improvement	   of	   the	   processes	   without	   doubt,	   avoiding	   the	   trap	   of	   the	  differences	  between	  the	  practical	  way	  and	  what	  is	  described	  in	  theory.	  	  At	   first,	   it	  was	  meant	   for	  business	  processes	  uses;	   even	   though	  nowadays	   it	   is	  being	  applied	   to	   a	   wide	   range	   of	   systems	  with	   the	   only	   requirement	   that	   the	   system	   studied	  produces	  event	  logs.	  It	  has	  a	  bright	  future	  in	  many	  fields,	  as	  it	  can	  work	  in	  a	  wide	  range	  of	  environments,	  one	  of	  them	  being	  the	  medical	  domain.	  However,	  the	  main	  issue	  will	  be	  to	  successfully	   apply	   these	   techniques	   to	   the	   medical	   domain;	   until	   now	   almost	   all	   the	  studies	  have	  not	  achieved	  the	  results	  expected.	  	  	  To	  produce	  the	  model	  from	  the	  recorded	  event	  logs,	  process	  mining	  uses	  a	  variety	  of	  available	  mining	   algorithms,	   such	   as	   the	  α-­‐algorithm	  or	   the	  HeuristicsMiner,	   all	   of	   them	  available	  as	  plugins	  in	  ProM.	  The	  final	  outcome	  of	  the	  study	  will	  also	  differ;	  it	  can	  be	  from	  the	  HeuristicsNet	  produced	  in	  the	  HeuristicsMiner,	  a	  Petri	  Net	  or	  an	  Event-­‐Driven	  Process	  Chain	  (EPC).	  	   While	   working	   with	   process	   mining,	   this	   event	   data	   can	   be	   analyzed	   according	   to	  different	  perspectives:	  the	  process,	  the	  organizational	  and	  the	  performance	  perspective.	  	  Until	   not	   long	   ago,	   the	   process	   perspective,	   which	   focuses	   on	   the	   control	   flow	  perspective,	   was	   the	   main	   core	   of	   process	   mining.	   It	   is	   related	   to	   the	   activities	   in	   the	  process	  and	  their	  order	  of	  execution,	  and	  the	  main	  goal	  is	  to	  find	  a	  model	  that	  can	  describe	  the	  event	  log	  as	  good	  as	  possible.	  This	  outcome	  that	  the	  user	  will	  get	  will	  be,	  for	  instance,	  a	  HeuristicNet.	   Nevertheless,	   recently,	   other	   techniques	   are	   gaining	   importance.	   The	  organizational	  perspective	  focuses	  on	  the	  people	  (or	  any	  other	  resource)	  that	  execute	  the	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activities	   in	   the	   process,	   called	   the	   originators.	   For	   this	   perspective,	   it	   is	   interesting	   to	  know	   which	   activities	   are	   executed	   per	   each	   originator,	   how	   these	   originators	   are	  classified	   in	   terms	   of	   roles	   and/or	   organizational	   units	   and	   how	   these	   originators	   are	  related	   to	   each	   other	   (e.g.	   handover	   of	   work).	   The	   last	   perspective	   will	   be	   the	  performance,	  which	  aim	  is	  to	  detect	  bottlenecks	  or	  calculate	  performance	  indicators.	  	  	  Apart	  from	  the	  perspective	  of	  the	  study,	  there	  is	  also	  variation	  in	  the	  use	  of	  the	  actual	  mining	  results	  [Aalst	  et	  al.,	  2007;	  Mans	  et	  al.,	  2009;	  Rozinat,	  2010;	  Janssen,	  2011].	  There	  are	  three	  different	  types	  of	  process	  mining:	  discovery,	  conformance	  and	  extension	  type.	  	   In	  the	  discovery,	  which	  has	  been	  the	  most	  common	  used	  type	  of	  process	  mining,	  there	  is	  not	  a	  priori	  model,	  and	  the	  model	  is	  constructed	  from	  the	  event	  logs.	  Normally	  a	  model	  is	   created	   from	   the	   event	   logs,	   even	   though	   not	   only	   processes	   are	   created,	   as	   also	   the	  organizational	  and	  the	  case	  perspective	  can	  also	  be	  discovered.	  In	  the	  conformance	  type,	  which	  derivate	  from	  the	  discovery,	  there	  is	  an	  a-­‐priori	  model,	  and	  the	  model	  is	  compared	  to	  the	  existing	  model	  to	  check	  if	  the	  real	  model	  fits	  the	  theoretical	  one.	  Its	  main	  goal	  is	  to	  verify	   if	   there	   are	   deviations	   from	   the	  model,	   locate,	  measure	   and	   to	   explain	   and	   solve	  them.	  Hence,	  conformance	  checking	  works	  in	  both	  ways,	  within	  the	  process	  and	  the	  logs.	  In	   the	   last	   type,	   the	  extension,	   the	  model	   is	   supposed	   to	  be	  good	  enough.	  So,	   from	  an	  a-­‐priori	  model,	  the	  goal	  is	  not	  to	  check	  whether	  the	  model	  conforms	  it,	  it	  is	  meant	  to	  enrich	  the	  previous	  model	  with	  data	  stored	  in	  the	  event	  logs.	  Figure	  3	  shows	  the	  three	  different	  types	  of	  process	  mining.	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2.5 Process	  Mining	  in	  Healthcare	  Processes	  	   In	  the	  problem	  definition	  section,	  it	  was	  clear	  that	  applying	  process	  mining	  techniques	  was	   interesting	   due	   to	   the	   new	   necessities	   of	   the	   healthcare	   environment.	   However,	  despite	  the	  potential	  of	  this	  tool	  and	  the	  importance	  of	  the	  healthcare	  industry,	  it	  has	  not	  been	  fully	  applied	  and	  until	  recently,	  few	  scientific	  studies	  have	  been	  carried	  out.	  	  	  However,	  recently,	  some	  studies	  have	  focused	  on	  the	  applicability	  of	  process	  mining	  in	  the	  healthcare	  environment	   [Mans	  et	   al	  2008	  &	  2009;	  Kaymak	  et	   al	  2012;	  Rebuge	  et	   al,	  2011;	   Gupta,	   2007;	   Riemers,	   2009].	   These	   studies	   did	   not	   achieve	   the	   most	   successful	  results	  and,	  therefore,	  we	  can	  assure	  that	  this	  tool	  has	  not	  reached	  all	  its	  potential	  in	  the	  healthcare	  domain.	  It	  is	  mainly	  due	  to	  the	  characteristics	  of	  healthcare	  processes	  stated	  in	  previous	   points:	   Healthcare	   processes	   are	   highly	   dynamic,	   highly	   complex,	   are	  increasingly	   multi-­‐disciplinary	   and	   ad	   hoc	   [Rebuge	   et	   al,	   2011].	   	   Also,	   the	   lack	   of	   a	  standardized	  methodology	   in	  most	   of	   these	   studies	   caused	   some	   of	   them	   to	   have	   some	  gaps	   in	  the	  different	  steps	  of	  the	  process.	  Nevertheless,	  a	  recent	  study	  [Janssen,	  2011]	  21	  focused	   on	   developing	   a	   set	   of	   best	   practices	   for	   applying	   process	  mining	   in	   healthcare	  that	  can	  be	  really	  interesting	  to	  take	  into	  account	  while	  carrying	  out	  our	  study.	  This	  study	  states	   that	   there	   are	   several	   opportunities	   to	   improve,	   especially	   in	   the	   pre-­‐processing	  steps	  of	  the	  study	  or	  while	  choosing	  the	  correct	  algorithm	  in	  each	  case.	  	  	  When	  studying	  the	  applicability	  of	  process	  mining	  techniques	  in	  health	  care	  processes,	  a	   first	  differentiation	  between	  organizational	  and	  medical	   treatment	  processes	  has	   to	  be	  made	  [Lenz	  and	  Reichter,	  2007].	  	   In	  an	  organizational	  process,	   the	  main	  goal	   is	   to	   integrate	   the	  different	   systems	   that	  the	   departments	   have	   and	   to	   improve	   the	   collaboration	   between	   the	   different	  professionals	  and	  also	  the	  departments	  that	  share	  some	  processes	  under	  the	  same	  health	  care	  environment.	  Traditionally,	  these	  processes	  have	  been	  coordinated	  manually,	  making	  them	   time	   consuming	   and	   also	   leading	   to	   the	   appearance	   of	   some	   errors.	   This	   caused	  organizational	  problems	  that	   in	   the	  end	  affect	   the	  patient,	  as	   the	  available	  resources	  are	  not	  used	  in	  the	  correct	  way.	  As	  the	  requisite	  for	  improvements	  in	  this	  field	  is	  really	  high	  regarding	   today’s	   needs,	   these	   processes	   have	   been	   the	   most	   studied.	   These	   processes	  have	   a	   complexity	   that	   can	   range	   from	   trivial	   to	   extremely	   complicated	   processes,	   also	  depending	   on	   the	   scope	   of	   the	   process	   or	   if	   the	   process	   studied	   is	   elective	   or	   urgent.	   A	  typical	   example	   could	   be	   the	   coordination	   between	   departments	   in	   hospitals	   that	   share	  some	  common	  processes.	  In	  the	  study	  of	  Lenz	  and	  Reichter,	  an	  interesting	  example	  of	  how	  is	   the	   inter-­‐departmental	   communication	   between	   a	  ward	   and	   the	   radiological	   unit	   of	   a	  hospital	  is	  explained.	  	  The	   other	   processes	   studied	   are	   those	   that	   focus	   on	   medical	   treatments.	   They	   are	  influenced	  by	  medical	  knowledge	  and	  patient	  information.	  The	  medical	  treatment	  process,	  which	  compromises	  observation,	  reasoning	  and	  action,	  aims	  to	  reduce	  the	  uncertainty	  of	  the	  patient’s	  disease	  [Van	  Bemmel	  et	  al,	  1997].	  The	  decision	  made	  in	  these	  processes	  is,	  as	  said	   before,	   mainly	   influenced	   by	   the	  medical	   knowledge	   and	   the	   data	   that	   the	   patient	  evolution	   gives.	   This	   normally	   makes	   those	   processes	   much	   more	   complex	   than	   the	  organizational	   ones,	   and	   can	   be	   highly	   unpredictable.	   Previous	   studies	   about	   the	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applicability	   of	  mining	   techniques	   on	   those	   processes	   stated	   that	   their	   analysis	   is	   not	   a	  trivial	   task.	   Moreover,	   most	   of	   these	   studies	   failed	   to	   achieve	   good	   results	   due	   to	   the	  unpredictability	   of	   the	   medical	   environment	   and	   the	   multiple	   factors	   that	   have	   an	  influence	  on	  it.	  	   Our	   study,	   as	   it	   focuses	   on	   the	   anesthesia	   care	   during	   the	   ERCP,	  will	   seek	   to	   find	   a	  medical	  process.	  This	  means	  that	  the	  process	  mining	  techniques	  will	  not	  be	  trivial	  to	  apply	  and	   some	   previous	  medical	   knowledge	   and	   developing	   preprocessing	   strategies	  will	   be	  essential.	  	  	   	   	  
2.6 ProM	  and	  its	  Algorithms	  	   As	  explained	   in	  previous	  points,	   to	  perform	  the	  study	   the	  software	  ProM	  will	  be	  our	  choice.	  While	  working	  with	  Process	  Mining,	  ProM	  is	  the	  most	  used	  tool,	  regardless	  of	  the	  final	  interest	  in	  the	  event	  log.	  It	  can	  deal	  with	  all	  the	  types	  of	  process	  mining	  explained,	  as	  it	   combines	   all	   process	   mining	   possibilities.	   The	   applicability	   of	   ProM	   in	   healthcare	  modeling	  has	  been	  demonstrated	  in	  some	  studies	  [Rozinat	  et	  al.,	  2009].	  Nowadays,	  there	  is	   an	   alternative	   to	  perform	  process	  mining	   techniques,	   called	  Disco,	  which	  was	   created	  not	   long	   ago	  by	  Fluxicon,	   the	   same	   company	   that	  developed	  Nitro.	  Disco	   aggregates	   the	  use	   of	   Nitro	   and	   Prom	   in	   the	   same	   software.	   A	   deeper	   explanation	   of	   this	   tool	   will	   be	  explained	  in	  further	  points	  of	  the	  study.	  ProM,	  which	   is	   an	   open	   source	   tool,	   has	   been	  developed	   in	   Eindhoven	  University	   of	  Technology.	  The	  version	  used	  in	  our	  study	  is	  ProM	  6,	  the	  latest	  version.	  Even	  though	  this	  new	  version	  was	   released	  not	   long	   ago,	   and	   so	  not	   all	   the	   experts	   recommends	  using	   it	  right	  now,	  this	  new	  version	  provides	  an	  important	  improvement	  iii	  .	  At	  the	  beginning	  of	  our	  study,	  we	   tried	  versions	  5	  and	  6.	  Not	  many	  differences	   in	   the	   inner	  characteristics	  were	  noticed,	  and	  in	  our	  perspective,	  the	  new	  version	  seemed	  to	  be	  more	  understandable.	  	  As	  said	  before,	  process	  mining,	  from	  the	  recorded	  event	  logs,	  uses	  algorithms	  in	  order	  to	  produce	  models	  (like	  nets)	  that	  will	  be	  analyzed	  later.	  Depending	  on	  which	  perspective	  is	   needed	   for	   the	   study,	   the	   choice	   of	   the	   algorithm	  will	   be	   completely	   different.	   Some	  algorithms	  have	  been	  developed	  in	  order	  to	  work	  along	  the	  discovery	  in	  process	  mining.	  There	  are	  more	   than	  300	  available	  plugins	   in	  ProM	  all	  working	   in	  a	  single	  environment,	  but	   only	   less	   than	   20	   of	   them	   are	   able	   to	   produce	   a	   process	   model.	   The	   most	   used	  algorithms	  are	  the	  ∂	  algorithm,	  the	  ILP	  algorithm,	  the	  Heuristics	  miner,	  the	  Fuzzy	  miner,	  the	  Multi-­‐phase	  miner,	   the	   Region	  mining	   algorithm,	   the	   Genetic	  miner,	   the	   Disjunctive	  Workflow	  Schema	  miner	  or	  the	  Social	  network	  miner.	  	  The	  ones	  that	  can	  be	  interesting	  for	  the	   development	   of	   our	   study,	   because	   their	   characteristics,	   as	   they	   can	   extract	   process	  models	  from	  the	  event	  logs,	  are	  the	  ∂	  algorithm,	  the	  Heuristics	  Miner,	  the	  Fuzzy	  Miner,	  the	  Genetic	   Miner	   and	   the	   Disjunctive	   Workflow	   Schema	   miner.	   A	   classification	   for	   ProM	  algorithms	  can	  be	  done	  between	  the	  ones	  that	  that	  have	  a	  global	  approach,	  like	  the	  Fuzzy	  miner	  or	  the	  ones	  that	  have	  a	  local	  approach,	  like	  the	  ∂	  algorithm	  or	  the	  Heuristic	  miner.	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  iii	  http://fluxicon.com/blog/2010/11/why-­‐we-­‐hate-­‐prom-­‐6/	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For	  many	   starters,	   the	   alpha	   algorithm	   is	   the	   first	   option	  while	  working	  with	   ProM,	  probably	   because	   it	   was	   the	   first	   algorithm	   implemented	   and	   it	   is	   the	  most	   referenced	  [Aalst	   et	   al,	   2004].	   	  The	   alpha-­‐algorithm	   is	   beautiful	   from	   a	   scientific	   perspective,	   as	   it	  works	   from	   a	   formal	   viewpoint.	   It	   is	   based	   on	   the	   causality	   between	   the	   sequences	   of	  events,	   searching	   for	   tasks	   that	   always	   precede	   another	   task.	   This	   can	   be	   a	   too	   basic	  approach	   to	   the	   relation	  between	   the	   sequences	  of	   events.	  To	  work	  with	   this	   algorithm,	  the	  mined	   log	  must	   be	   complete	   and	  without	   any	  noise.	  Nevertheless,	   in	   any	   real	   event	  logs,	  it	  will	  be	  impossible	  not	  to	  have	  some	  noise.	  Hence,	  this	  algorithm	  will	  not	  be	  useful	  to	  use	  in	  real	  cases.	  Also,	  it	  does	  not	  use	  any	  information	  of	  the	  frequency	  of	  each	  log,	  even	  though	   this	   information	   can	   be	   really	   important	   in	   the	   later	   studies.	   The	   output	   of	   this	  algorithm	  is	  a	  Petri	  Net.	  	  The	   Heuristic	   Miner	   was	   the	   second	   process	   mining	   algorithm	   developed,	   closely	  following	   the	   alpha	   algorithm.	   It	  was	   created	   by	  Dr.	   Ton	  Weijters,	  who	  used	   a	   heuristic	  approach	   to	   address	   many	   problems	   with	   the	   alpha	   algorithm,	   making	   this	   algorithm	  much	  more	  suitable	  in	  practice.	  It	   is	  the	  recommended	  algorithm	  while	  dealing	  with	  real	  data	  [Weijters	  et	  al.,	  2006].	  The	  Fuzzy	  Miner	  is	  a	  quite	  new	  process	  discovery	  algorithm	  [Gunther	  and	  Aalst,	  2007].	  It	  is	  basically	  used	  in	  datasets	  that	  have	  to	  deal	  with	  problems	  relating	  to	  a	  large	  number	  of	   activities	   and	   highly	   complex	   and	   unstructured	   behavior.	   This	   algorithm	   will	   try	   to	  simplify	   the	  model	   in	   an	   interactive	  manner	   in	   order	   to	   be	   able	   to	   understand	   it.	  Many	  metrics	  will	  be	  used	  in	  order	  to	  interactively	  simplify	  the	  process	  at	  the	  desired	  level.	  If	  it	  is	   compared	   to	   the	  Heuristic	  Miner,	   it	   can	   leave	  out	   less	   important	  activities	   if	   there	  are	  many.	  The	  output	  of	  this	  algorithm	  will	  be	  a	  Fuzzy	  Model.	  This	  model	  cannot	  be	  converted	  into	  other	  types	  of	  process	  modeling	  languages.	  The	  multi-­‐phase	  Miner	  is	  basically	  used	  when	  dealing	  with	  a	  simple	  and	  structured	  log	  data	  and	  you	  want	  to	  export	  the	  mining	  result	  to	  Aris	  to	  keep	  working	  on	  the	  study.	  The	  output	  of	  this	  algorithm	  is	  an	  event-­‐driven	  Process	  Chain	  (EPC).	  It	  was	  the	  first	  algorithm	  to	   use	   the	   OR	   split/join	   semantics,	   enabling	   it	   to	   express	   complex	   behavior	   in	   a	   well-­‐structured	  model.	  The	  main	  advantage	  of	  this	  miner	  is	  that	  the	  model	  constructed	  fits	  all	  the	  event	  log,	  making	  this	  model	  useful	  while	  dealing	  with	  complex	  processes,	  because	  the	  resulting	  model	  would	  be	  impossible	  to	  understand.	  The	  Genetic	  Miner	  [Alves	  de	  Medeiros,	  2006]	  uses	  genetic	  operators	  to	  search	  for	  the	  fittest	  solution	  in	  the	  space	  of	  all	  possible	  process	  models.	  The	  main	  disadvantage	  of	  this	  algorithm	   is	   the	   required	   computation	   time.	   The	   Disjunctive	   Workflow	   Schema	   Miner	  (DWS	  miner)	  [Gupta,	  2007]	  discovers	  a	  set	  of	  workflow	  models	  that	  represents	  different	  subsets	   of	   the	   input	   log.	   The	   mining	   is	   carried	   out	   through	   a	   top-­‐down	   hierarchical	  clustering	  process,	  where	   the	   log	   is	   recursively	   split	   into	  homogeneous	   clusters	   (from	  a	  behavioral	  viewpoint).	  All	  discovered	  clusters	  are	  then	  equipped	  with	  a	  specific	  workflow	  model	  using	  the	  HM.	  Any	  partitioning	  step	  hence	  produces	  a	  refinement	  of	  the	  workflow	  model	  being	  discovered.	  Janssen	  compared	  the	  DWS	  miner	  with	  the	  HM	  and	  the	  DWS	  did	  not	  give	  a	  significant	  improvement	  in	  the	  results	  compared	  to	  the	  HM.	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Other	  important	  algorithms	  while	  working	  with	  ProM,	  even	  though	  they	  do	  not	  extract	  models	  from	  the	  log	  are	  the	  Sequence	  Clustering	  or	  Trace	  Clustering	  (to	  create	  automatic	  clusters),	  the	  Add	  artificial	  start/end	  task	  log	  filers	  (to	  add	  artificial	  start	  and	  end	  tasks	  to	  increase	   the	   understandability	   and	   the	   fitness	   of	   the	   model),	   the	   Social	   network	   Miner	  (used	  to	  investigate	  the	  organizational	  perspective),	  the	  filter	  log	  using	  the	  heuristic	  miner	  or	   Enhanced	   event	   log	   filter	   (to	   filter	   the	   event	   classes	   that	   occur	   less	   than	   a	   specified	  percentage	   in	   the	   event	   log).	   These	   plugins	   have	   been	   widely	   used	   until	   now.	  Nevertheless,	  with	   the	  extended	  use	  of	  Nitro,	   the	   tool	   to	   transform	   the	  Excel	  or	   the	  CSV	  files	   into	   XES	   or	   MXML	   files,	   the	   use	   of	   these	   plug-­‐ins	   can	   be	   substituted	   for	   the	  functionalities	  of	  Nitro.	  Many	  studies	  focused	  on	  which	  of	  the	  algorithms	  available	  was	  the	  best	  option	  to	  work	  with	   in	   each	   specific	   case.	   For	   instance,	   Fluxicon,	   recommends	   to	   use	   either	   the	   Fuzzy	  miner,	   the	   multi-­‐phase	   miner	   or	   the	   Heuristic	   Miner	  iv .	   Focusing	   on	   the	   healthcare	  environment,	   some	   studies	   have	   already	   stated	   that	   the	   best	   algorithm	   for	   this	  environment	  is	  the	  Heuristic	  Miner,	  	  [Mans	  et	  al.,	  2008;	  Rebuge	  et	  al.,	  2012]	  .	  Basically,	  this	  algorithm	  is	  the	  one	  chosen	  because	  it	  can	  deal	  with	  real	  data,	  noise	  and	  exceptions,	  and	  enables	  users	  to	  focus	  on	  the	  main	  process	  flow	  instead	  of	  on	  every	  detail	  of	  the	  behavior	  appearing	  in	  the	  process	  log.	  Hence,	  the	  Heuristic	  Miner	  will	  be	  the	  algorithm	  used	  in	  our	  study.	  As	   said	   before,	   data	   used	   in	   ProM	   can	   be	   originated	   in	   many	   different	   information	  systems.	  Anyway,	  they	  will	  have	  to	  be	  converted	  into	  a	  suitable	  format	  to	  be	  uploaded	  into	  ProM.	   In	   previous	   versions	   of	   ProM,	   the	   ProM	   framework	   used	   a	   standard	   Extensible	  Markup	   Language	   (XML)	   format,	   named	   Mining	   XML	   (.MXML).	   In	   the	   new	   versions	   of	  ProM	   (ProM	   6.x),	   one	   can	   choose	   between	   using	   the	   MXML	   logging	   format	   and	   a	   new	  format:	   the	   eXtensible	   Event	   Stream	   (XES)	   format.	   This	   new	   format	   will	   have	   several	  advantages	   over	   MXML.	   MXML	   has	   some	   problems	   and	   limitations.	   Mainly,	   they	   were	  related	  to	  the	  semantics	  of	  additional	  attributes	  stored	  in	  the	  logs,	  as	  they	  are	  all	  treated	  as	   string	   values	   and	   have	   no	   generally	   understood	   meaning.	   Also,	   another	   problem	   is	  related	   to	   the	   nomenclature	   used	   for	   different	   concepts,	   as	   MXML	   assumes	   that	   only	  structured	   processes	   are	   stored.	   So,	   the	   new	   format,	   XES,	  was	   created	   in	   order	   to	   solve	  these	  problems.	  	   To	  do	  the	  conversion	   from	  the	  given	  dataset	   format	   to	   the	  suitable	   format	   to	   load	  to	  ProM	   there	   will	   be	   some	   different	   options:	   creating	   PHP	   scripts,	   PromImport	   tools,	  XESame	  or	  Nitro.	  The	  first	  two	  options	  were	  mostly	  used	  with	  previous	  versions	  of	  ProM,	  while	  XESame	  is	  used	  with	  the	  new	  versions.	  Nitro	  is	  able	  to	  translate	  both	  languages.	  We	  will	  explain	  these	  options	  in	  depth	  while	  pre-­‐processing	  the	  data.	  Nonetheless,	  we	  finally	  chose	  Nitro	  because	  it	  simplifies	  the	  process	  and	  gives	  us	  extra	  information	  about	  the	  logs.	  	  Once	  the	  process	  model	   is	  extracted	  from	  the	   logs,	  ProM	  will	  be	  able	  to	  export	  these	  results.	  To	  do	  so,	  the	  export	  plug-­‐in	  will	  be	  used.	  This	  plug-­‐in	  will	  allow	  the	  user	  to	  save	  the	  process	  models	  and	  also	  the	  event	  log	  updated.	  The	  saved	  files	  can	  be	  imported	  again	  using	   the	   import	   plug-­‐in.	   Also,	   there	   are	   conversion	   plug-­‐ins	   that	   allow	   the	   user	   to	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  iv	  http://fluxicon.com/blog/2010/10/prom-­‐tips-­‐mining-­‐algorithm/	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transform	  the	  resulting	  models	  into	  a	  different	  one;	  for	  instance,	  from	  a	  Heuristics	  Net	  to	  a	  Petri	  Net.	  	  	  
2.7 Algorithm	  Chosen:	  Heuristics	  Miner	  	   The	  Heuristics	  Miner	  is	  the	  most	  frequently	  used	  mining	  algorithm	  to	  obtain	  a	  process	  model	  while	  working	   in	  a	  medical	  environment.	  Even	   though	   it	   is	  an	  evolution	   from	  the	  alpha	  algorithm,	  the	  heuristic	  miner	  calculates	  the	  amount	  of	  times	  certain	  relation’s	  hold.	  	  To	  do	  so,	  it	  only	  considers	  the	  order	  of	  the	  events	  within	  a	  case.	  In	  other	  words,	  the	  order	  of	  events	  among	  cases	  is	  not	  important.	  One	  important	  feature	  of	  this	  mining	  algorithm	  is	  the	  assumption	  that	  each	  activity	  is	  considered	  instantaneous.	  	  Due	   to	   the	  scope	  of	  our	   thesis	  we	   found	   that	   it	  was	  not	  worth	  studying	   in	  depth	   the	  inner	  characteristics	  of	  the	  HM.	  For	  more	  information	  about	  the	  mathematical	  bases	  of	  the	  algorithm,	   we	   recommend	   to	   have	   a	   look	   at	   “Process	   Mining	   with	   the	   Heuristics	   Miner	  
Algorithm”	   [Weijters	   et	   al.,	   2006].	   We	   will	   take	   the	   example	   given	   in	   a	   previous	   study	  [Burattin	  and	  Sperduti,	  2010],	   in	  order	   to	  explain	  how	   it	  works.	   	   In	   	  Figure	  4,	   the	  most	  important	  concepts	  are	  summarized.	  A	  set	  of	  activities	  is	  given	  {A,	  B1,	  B2,	  C,	  D}.	  	  The	  first	  row	  shows	  an	  example	  of	  a	  log	  called	  W	  with	  10	  process	  instances	  (n	  indicates	  the	  number	  of	  repetitions	  of	  the	  same	  sequence),	  where	  a	  process	  instance	  is	  a	  sequence	  of	  performed	  activities.	   The	   second	   row	   shows	   two	  of	   the	  main	   formulas	  used	  by	  Heuristics	  Miner	   to	  determine	  the	  presence	  of	  dependency	  between	  activity	  X	  and	  Y	  in	  the	  log	  W	  	  (left	  side),	  and	   the	   presence	   of	   an	   AND-­‐split	   (right	   side),	   i.e.	   the	   parallel	   activities	   Y	   and	   Z	   jointly	  depend	  on	  the	  completion	  of	  the	  X	  activity.	  	   In	   these	   formulas,	   the	   notation	   |X	   >W	   Y	   |	   refers	   to	   the	   number	   of	   times	   that,	   in	  W,	  activity	  Y	  directly	  follows	  activity	  X.	  If	  the	  ⇒W	  is	  greater	  than	  a	  parameter	  of	  the	  algorithm	  called	  dependency	  threshold,	  then	  the	  algorithm	  assumes	  the	  presence	  of	  the	  dependency	  between	  the	  activities.	  After	  that,	  in	  order	  to	  mine	  the	  relationship	  type	  between	  activities	  (AND	  or	  XOR	  split)	   the	  second	  formula	   is	  used:	   if	  X	  ⇒W	  	  (Y	  ∧	  Z)	   is	  greater	   than	  an	  AND	  threshold	  then	  Y	  and	  Z	  are	  considered	  as	  an	  AND	  relation,	  otherwise	  they	  are	  considered	  as	  activities	  in	  mutual	  exclusion	  (XOR	  relation).	  	  	  	  	  	  	  	  
Figure	  4.	  Summary	  of	  the	  Main	  Concepts	  Behind	  the	  HM	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The	  HM	  algorithm	  mainly	  includes	  three	  steps	  [Zeng	  et	  al.,	  2011]:	  
• Construction	   of	   the	   dependency	   graph	   between	   the	   events	   on	   the	   basis	   of	   the	  event	  log	  
• For	  each	  activity,	  the	  construction	  of	  the	  input	  and	  output	  expressions	  in	  form	  of	  type	  of	  dependencies	  between	  activities	  
• The	  search	  for	  long	  distance	  dependency	  relations	  	  This	  algorithm	  is	  mainly	  used	  while	  dealing	  with	  real	  life	  data	  containing	  not	  too	  many	  different	  events,	  or	  while	  seeking	  a	  Petri	  Net	   to	  continue	  with	   the	  process	  mining	  study.	  The	  main	  benefits	  of	  this	  algorithm	  are	  that	  is	  robust	  to	  invisible	  tasks	  and	  noisy	  logs	  (by	  leaving	  out	  edges)	  and	  that	  there	  are	  no	  non-­‐free-­‐choice	  or	  duplicate	  tasks.	  The	  Heuristic	  Miner	  has	  been	  proved	  to	  be	  the	  best	  algorithm	  to	  face	  the	  control	  flow	  perspective,	   as	   it	   is	   a	   good	   approach	   to	   handle	   noise	   and	   the	   incompleteness	   of	   logs.	  However,	  the	  richness	  of	  process	  variants	  sometimes	  results	  in	  confusing	  models,	  making	  it	   impossible	   to	   distinguish	   exceptional	   medical	   cases.	   To	   deal	   with	   this,	   clustering	  techniques	  will	  be	  strongly	  recommended	  [Rebuge	  &	  Ferreira,	  2012].	  	  Once	   it	   was	   clear	   that	   the	   Heuristics	   Miner	   would	   be	   the	   algorithm	   used,	   several	  concepts	   regarding	   the	   correct	   use	   and	   understanding	   of	   the	   algorithm	   should	   be	  analyzed.	  These	  concepts	  are	  the	  parameters	  of	  the	  algorithm,	  the	  Heuristics	  Net	  and	  how	  to	  evaluate	  the	  quality	  of	  the	  resulting	  model.	  
Parameters	  	   Before	   applying	   the	   algorithm	   to	   the	   event	   log,	   first	   of	   all,	   one	   has	   to	   set	   the	  parameters	  of	  Heuristic	  Miner.	  To	  set	  them,	  a	  parameter-­‐screen	  like	  the	  one	  in	  Figure	  5	  is	  presented	   to	   the	   user.	   The	   values	   of	   the	   parameters	   seen	   in	   the	   figure	   below	   are	   the	  default	  ones.	  	  	  	  	  	   	  	  	  
Figure	  5.	  Default	  Parameters	  of	  the	  Heuristics	  Miner	  These	   parameters,	   as	   seen	   in	   Figure	   5,	   are	   divided	   into	   two	   groups:	   the	   thresholds	  and	   the	   heuristics	   parameters.	   In	   the	   first	   group,	   there	   are	   six	   different	   parameters:	  relative	   to	  best,	   dependency,	   length-­‐one-­‐loops,	   length-­‐two-­‐loops,	   long	  distance	   and	  AND	  splits.	  By	  modifying	   these	  parameters,	  one	  can	   look	   for	  a	  more	  or	   less	  detailed	  model.	   If	  the	  relative	  to	  best	  parameter	  is	  increased,	  the	  model	  will	  be	  more	  exhaustive.	  Instead,	  by	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decreasing	   the	   dependency	   and	   the	   loops	   parameters,	   those	   last	   in	   a	   lower	   scale,	   the	  model	  will	  be	  more	  complete.	  In	  the	  second	  group	  of	  parameters,	  one	  has	  to	  decide	  if	  the	  entire	  tasks	  are	  connected	  or	  not	  and	  if	  the	  there	  is	  long	  distance	  dependency.	  	  But	  what	  does	  really	  mean	  that	   the	  model	   is	  more	  detailed?	  The	  model	  will	  be	  more	  complete,	  with	  more	   information,	   but	   this	   can	   lead	   to	   spaghetti-­‐like	  model	   in	  which	   the	  interesting	   information	   will	   be	   hard	   to	   be	   perceived.	   Hence,	   depending	   on	   the	   level	   of	  detail	  needed	  in	  each	  specific	  model,	  these	  values	  will	  be	  modified.	  Changing	  these	  parameters	  will	  not	  modify	  the	  events	  included	  in	  the	  model;	  as	  all	  of	  the	  events	  will	  appear	  in	  the	  model,	  it	  will	  only	  change	  the	  relations	  between	  these	  events.	  	  	  As	  said	  before,	  the	  Heuristic	  Miner	  has	  proved	  to	  be	  robust	  for	  noise	  in	  the	  dataset.	  To	  discriminate	  between	  the	  noise	  and	  the	   low	  frequent	  behavior	  the	  parameters	  explained	  will	  be	  important	  to	  be	  used	  in	  a	  proper	  way.	  In	  the	  healthcare	  environment,	  the	  process	  structure	  will	  be	   low	   leading	   to	  normally	  have	  spaghetti-­‐like	  models.	  To	   try	   to	  get	  more	  information	  about	  these	  models	  without	  filtering	  the	  log,	  disabling	  the	  “all	  task	  connected”	  button	   can	   be	   a	   good	   choice.	   Thus,	   the	   low	   frequent	   tasks	   or	   the	   tasks	  without	   a	   clear	  cause	  are	  not	  connected	  to	  the	  main	  graph,	  which	  will	  only	  show	  the	  main	  behavior	  of	  the	  process.	  On	  the	  other	  hand,	  if	  the	  log	  is	  correctly	  filtered,	  it	  is	  not	  recommended	  to	  disable	  this	  button.	  However,	  past	  studies	  have	  only	  focused	  on	  the	  use	  of	  the	  default	  parameter	  settings	  of	  this	  plug-­‐in.	  Gupta	  described,	  that	  depending	  on	  the	  event	  log,	  changing	  the	  parameters	  could	   dramatically	   change	   the	   model,	   making	   it	   better	   or	   worse.	   However,	   there	   is	   no	  optimal	  setting,	  as	   it	  will	  depend	  on	   the	  event	   log	  we	  want	   to	  mine.	  Some	  experts	  made	  recommendations	  in	  order	  to	  obtain	  the	  best	  model.	  Ton	  Weijters,	  in	  an	  interview,	  recommended	  the	  following	  parameters	  values:	  
• Set	   positive	   observations	   to	   1,	   all-­‐activities-­‐connected-­‐heuristic	   switched	   off	  and	   the	   dependency	   threshold,	   length-­‐one/length	   two	   loops	   threshold	   and	  long	  distance	  dependency	  set	  to	  0.95.	  As	  there	  would	  be	  non-­‐connected	  events,	  he	  recommends	  filtering	  those	  and	  then	  mining	  the	  filtered	  log	  again	  with	  all-­‐activities-­‐connected-­‐heuristic	  switched	  on.	  In	  the	  HeuristicsMiner	  6.0:	  Users	  Guide,	  the	  use	  of	  more	  tolerant	  parameters	  is	  also	  in	  logs	  with	  not	  much	  noise.	  If	  the	  log	  has	  a	  lot	  of	  noise,	  and	  tolerant	  parameters	  are	  used,	  the	  model	  will	  end	  up	  being	  very	  complex.	  An	  example	  of	  more	  tolerant	  parameters	  value	  is	  shown	  in	  Figure	  6:	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Figure	  6.	  More	  Tolerant	  Parameters	  While	  analyzing	  the	  models,	  we	  will	  make	  a	  brief	  discussion	  about	  which	  parameters	  will	  be	  finally	  used	  in	  our	  study.	  
Heuristic	  Net	  
	   When	  the	  heuristic	  miner	  tool	  is	  applied	  into	  an	  (filtered)	  event	  log	  in	  ProM,	  the	  result	  is	  a	  heuristic	  net.	  With	  ProM	  6,	  these	  nets	  can	  be	  seen	  in	  many	  different	  ways.	  By	  default,	  the	  program	  first	  visualizes	  the	  Heuristics	  Net	  Array,	  in	  which	  only	  the	  task	  (square	  boxes)	  and	  the	  arcs,	  which	   indicate	  the	  dependency	  between	  tasks,	  are	  depicted.	  This	  array	  can	  be	  useful	  to	  have	  a	  first	  glance	  of	  the	  model	  and	  to	  check	  the	  accuracy	  of	  it.	  	  
	  
Figure	  7.	  Example	  of	  an	  Heuristics	  Net	  
	   However,	  if	  more	  information	  is	  needed,	  it	  will	  be	  better	  to	  visualize	  the	  Heuristics	  Net	  with	  Annotations.	  In	  this	  graph	  there	  will	  also	  be	  tasks	  and	  arcs.	  Nonetheless,	  in	  this	  graph	  there	  will	   be	   numbers	   in	   the	   event	   box,	   indicating	   the	   number	   of	   times	   that	   the	   task	   is	  performed,	   and	   also	   a	   number	   in	   the	   arks,	   indicating	   the	   number	   of	   time	   that	   the	  connection	  is	  used.	  In	  the	  Heuristics	  Net	  with	  Annotations,	  this	  labeling	  information	  can	  be	  changed	  with	   the	   setup	  option.	   It	   is	   important	   to	  notice	   that	   the	   transitions	   can	   also	  be	  measured	   according	   to	   the	   dependency	   relation	   between	   the	   two	   activities.	   This	   value,	  which	  ranges	  between	  [0,1],	  means	  that	  the	  higher	  it	  is,	  the	  more	  the	  dependency	  relation	  between	  the	  tasks.	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Figure	  8.	  Heuristics	  Net	  with	  Annotations	  From	  now	  on,	   the	  Heuristic	  Net	   studied	  will	   be	   the	  ones	  with	   annotations,	   as	   it	  will	  give	   us	  more	   important	   and	   interesting	   information	   about	   the	   process.	   This	   net	   can	   be	  converted	  afterwards	  in	  a	  Petri	  Net	  with	  a	  ProM	  plugin	  Convert	  Heuristics	  Net	  into	  Petri	  Net	  for	  further	  analysis	  with	  ProM.	  	   While	   analyzing	   the	   models,	   several	   questions	   came	   about	   relating	   to	   what	   the	  Heuristics	   Net	   really	   showed	   us.	   In	   order	   to	   get	   insights	   of	   what	   the	   Heuristics	   Net	   is	  showing,	  we	  recommend	  to	  have	  a	  look	  at	  the	  study	  we	  carried	  during	  the	  analysis	  of	  the	  model.	  It	  starts	  in	  Figure	  41.	  	  
Conformance	  and	  Quality	  of	  the	  Process	  Model	  
	  	   When	  the	  Heuristic	  Miner	  is	  applied	  into	  an	  event	  log,	  a	  model	  will	  always	  be	  created.	  However,	   this	   does	   not	   mean	   that	   the	   model	   created	   will	   be	   correct	   or	   sufficient	   to	  continue	  with	  the	  analysis.	  Hence,	  once	  the	  model	  is	  created,	  we	  will	  have	  to	  check	  if	  what	  the	  model	  is	  showing	  conforms	  to	  the	  event	  log,	  and	  also	  if	  it	  is	  medically	  correct.	  	  	   Normally,	   the	   most	   dominant	   requirement	   for	   conformance	   is	   the	   fitness	   value.	  	  Conformance	  weighs	   the	   distance	   between	   the	   behavior	   observed	   in	   the	  model	   and	   the	  behavior	  of	   the	   log.	  The	   fitness	  value	   is	  given	  when	  mining	   the	   log,	   allowing	   the	  user	   to	  know	  whether	  the	  model	  is	  good	  enough.	  The	  problem	  comes	  when	  having	  to	  define	  what	  is	  really	  the	  fitness	  value.	  Some	  studies	  have	  focused	  on	  what	  is	  the	  fitness	  value	  under	  a	  mathematical	  perspective	  [Alves	  de	  Medeiros,	  2006].	  However,	  we	  did	  not	  seek	  to	  discuss	  the	  meaning	  of	  the	  fitness	  under	  this	  perspective,	  so	  we	  were	  looking	  for	  a	  definition	  that	  enables	  us	  to	  comprehend	  the	  concept.	  	  	   There	  are	  almost	  as	  many	  definitions	  as	  papers	  one	  can	  read	  relating	  to	  what	  really	  is	  the	   fitness	   value.	   The	   fact	   is	   that	   depending	   on	  what	   Net	   one	   is	   visualizing,	   the	   fitness	  value	   means	   different	   things.	   For	   instance,	   most	   of	   the	   definitions	   given	   for	   what	   the	  fitness	  value	  is	  relating	  to	  Petri	  Nets.	  In	  ProM	  6,	  for	  Petri	  Nets,	  the	  fitness	  values	  are	  based	  on	   optimal	   alignments	   between	   each	   trace	   in	   logs	   and	  model,	  while	   fitness	   on	   heuristic	  nets	  is	  not.	  In	  order	  to	  know	  what	  really	  is	  the	  fitness	  value,	  it	  was	  interesting	  to	  analyze	  different	  definitions:	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   “An	  event	  log	  and	  the	  net	  fit	  if	  the	  net	  can	  generate	  each	  trace	  in	  the	  log”	  	  	  	   “A	  model	  has	  a	  good	  fitness	  value	  when	  tolerates	  for	  most	  of	  the	  behavior	  seen	  in	  the	  event	  log”	  	  	   “Fitness	   is	   the	   quality	   measure	   indicating	   the	   gap	   between	   the	   behavior	   actually	  observed	  in	  the	  log	  and	  the	  behavior	  described	  by	  the	  process	  model.	  It	  gives	  the	  extend	  to	  which	   the	   log	   traces	   can	   be	   associated	   with	   execution	   paths	   specified	   by	   the	   process	  model”	  	  	   “Fitness	   is	   the	  extend	   to	  which	   the	   log	   traces	   can	  be	  associated	  with	  execution	  paths	  specified	  by	  the	  process	  model”	  	  After	  analyzing	  all	  the	  previous	  definitions,	  we	  will	  try	  to	  define	  fitness	  value	  in	  our	  own	  words:	  “The	  fitness	  of	  an	  Heuristic	  Net	  is	  related	  to	  the	  fact	  that	  the	  more	  parts	  of	  the	  log	  can	  be	  explained	  by	  the	  model,	   the	  higher	   the	   fitness	  values.	  This	  does	  not	  mean	  that	  all	   the	  logs	  will	  follow	  the	  whole	  model,	  as	  the	  Heuristic	  Net	  will	  have	  all	  the	  events	  from	  all	  the	  logs	  on	   it,	   it	   is	  more	  related	   to	   the	   issue	  of	   if	   the	   log	  can	   follow	  the	  part	  of	   the	  model	   in	  which	  the	  events	  from	  the	  log	  are	  explained.”	  However,	   a	   good	   fitness	   value	   does	   not	   imply	   conformance,	   as	   it	   is	   possible	   that	   the	  information	   provide	   is	   not	   meaningful.	   This	   is	   when	   appropriateness	   comes	   into	   the	  picture.	  This	  matter	  was	  not	  deeply	  studied	  until	  recently,	  when	  Rozinat	  and	  van	  der	  Aalst	  carried	   out	   a	   study	   about	   conformance	   testing	  [Rozinat	   and	   van	   der	   Aalst,	   2006].	  Appropriateness	  is	  defined	  as	  the	  degree	  of	  accuracy	  in	  which	  the	  process	  model	  describes	  the	  observed	  behavior,	  combined	  with	  the	  degree	  of	  clarity	  in	  which	  it	   is	  represented.	  In	  that	  study,	  two	  approaches	  to	  appropriateness	  were	  defined:	  structural	  and	  behavioral.	  A	  ProM	  plug-­‐in,	  the	  Conformance	  Checker,	  was	  developed	  in	  order	  to	  measure	  conformance.	  In	  our	  case,	  we	  did	  not	  use	  this	  tool.	  Mainly	  because	  its	  usefulness	  was	  not	  clear	  in	  our	  case,	  as	  the	  events	  added	  to	  the	  study	  were	  consciously	  filtered.	  	  Also,	  the	  quality	  of	  the	  discovered	  process	  model	  is	  important.	  Sometimes	  it	  is	  hard	  to	  measure	  the	  quality	  of	  the	  process	  model.	  Some	  studies	  tried	  to	  discuss	  this	  topic	  [Rozinat	  et	   al,	   2008].	   In	   our	   case,	   we	   will	   not	   try	   to	   capture	   the	   quality	   of	   the	   model	   under	   a	  theoretical	  perspective;	  it	  will	  be	  evaluated	  under	  a	  medical	  perspective.	  	  To	  be	  sure	   that	   the	  models	  obtained	  are	  of	  good	  quality,	  we	  will	  mainly	   focus	  on	   the	  fitness	  value	  and	  if	  the	  model	  makes	  sense	  under	  a	  medical	  perspective.	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3 METHODOLOGY	  	  	   In	  the	  literature	  part	  we	  gained	  insights	  of	  the	  theoretical	  basics	  needed	  to	  be	  able	  to	  carry	   out	   this	   study.	   In	   this	   section	   we	   will	   clearly	   explain	   all	   the	   steps	   that	   will	   be	  followed	  in	  the	  development	  of	  the	  study.	  	   	  The	   BIDMC	   provided	   two	   datasets	   of	   the	   anesthesia	   care	   during	   ERCP.	   At	   first,	   we	  started	   the	  study	  with	  a	  small	  dataset	   in	  order	   to	  better	  understand	  what	  we	  wanted	   to	  achieve	  and	  to	  clarify	  the	  final	  goals.	  Also,	  we	  used	  the	  first	  dataset	  to	  check	  manually	  the	  database,	  mainly	  to	  get	  familiar	  with	  it.	  With	  the	  second	  dataset,	  the	  larger	  one,	  the	  whole	  study	  was	  carried	  out	  and	  the	  models	  were	  extracted	  from	  the	  event	  log.	  	  	  As	   the	   main	   goal	   will	   be	   to	   try	   to	   explain,	   while	   using	   Process	   Mining	   techniques,	  which	   is	   the	   reaction	   of	   the	  Doctors	  while	   facing	   high	   heart	   rate	   values	   and	   high	   blood	  pressures	   values,	   our	   study	  will	   be	   viewed	   from	   a	   process	   perspective,	   focusing	   on	   the	  control	   flow.	   Also,	   as	   we	   will	   be	   trying	   to	   get	   a	   new	   model	   without	   comparing	   it	   to	   a	  previous	  one,	  the	  discovery	  type	  of	  process	  mining	  will	  be	  used.	  	  	   As	  stated	  throughout	  the	  study,	  applying	  process	  mining	  in	  a	  medical	  environment	  will	  not	  be	  an	  easy	  task,	  especially	  if	  the	  goal	  is	  to	  find	  a	  new	  process	  model.	  	  It	  will	  be	  difficult	  to	  decide	  which	  specific	  techniques	  to	  apply,	  as	  there	  are	  many	  different	  options	  that	  can	  be	   chosen.	   Also,	   as	   it	   is	   a	  whole	   new	   technique,	   there	  will	   always	   be	   new	   software	   and	  improvements	   that	  have	   to	  be	   recognized	   if	   the	  best	  performance	  wants	   to	  be	  achieved.	  For	  all	  these	  reasons,	  following	  a	  standardized	  and	  checked	  path	  in	  order	  to	  not	  miss	  any	  important	  step	  will	  be	  crucial.	  Otherwise,	  the	  probability	  of	  not	  achieving	  good	  results	  will	  be	  even	  higher.	  	   Until	   now,	  most	   of	   the	   studies	   regarding	   this	   topic	   analyzed	   the	   applicability	   of	   this	  tool	  under	  the	  view	  of	  an	  artificial	  example,	  or	   just	  argued	  about	  which	  tools	  to	  apply	   in	  the	   process	   part.	   The	  main	   problem	  was	   not	   related	   to	   what	   steps	   or	   when	   they	   were	  used,	  it	  was	  more	  related	  to	  how	  the	  steps	  should	  be	  used.	  The	  most	  common	  errors	  in	  the	  previous	   studies	   were	   related	   to	   applying	   an	   incomplete	   process	   mining	   methodology,	  missing	   information	   on	   datasets,	   a	   wrong	   decision	   regarding	   software	   used,	   a	   deficient	  parameter	  setting	  and	  also	  no	  correct	  fitness	  measure	  [Janssen,	  2011].	  	   From	   the	   same	   study	   of	   Janssen,	   a	   series	   of	   best	   practices	   for	   process	   mining	   in	  healthcare	  are	  reviewed	  in	  order	  to	  get	  the	  best	  results	  possible.	  To	  carry	  out	  this	  study,	  Janssen	   reviewed	   some	   of	   the	   previous	   research	   of	   process	   mining	   studies	   in	   medical	  healthcare.	  Obviously,	  there	  will	  not	  be	  a	  golden	  rule	  to	  apply	  process	  mining,	  as	  in	  each	  different	  study	  the	  characteristics	  of	  them	  will	  be	  singular,	  some	  steps	  will	  be	  skipped	  and	  others	   will	   be	   changed	   due	   to	   the	   inner	   characteristics	   and	   the	   goal	   of	   the	   process.	  Nevertheless,	  it	  can	  really	  help	  us	  by	  knowing	  if	  we	  are	  carrying	  out	  our	  study	  in	  a	  proper	  way,	  and	  also	  to	  check	  if	  the	  correct	  tools	  are	  being	  used.	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There	  will	   basically	   be	   four	   steps	   to	   apply	   process	  mining.	   First,	   the	   data	   should	   be	  collected	  and	  adapted	  to	  the	  use	  of	  process	  mining.	  As	  we	  will	  not	  deal	  with	  the	  issue	  of	  collecting	  the	  data,	  we	  will	  just	  give	  information	  about	  the	  database.	  	   After	  the	  data	  is	  ready,	  one	  of	  the	  most	  important	  steps	  of	  the	  process	  is	  carried	  out:	  the	  pre-­‐processing.	  	  	   Then,	   once	   the	   logs	   are	   ready,	   the	   actual	   mining	   is	   done.	  With	   the	   mining,	   we	   will	  acquire	  some	  models	  that	  will	  be	  studied	  in	  the	  last	  step,	  the	  one	  in	  which	  the	  models	  will	  be	  deeply	  analyzed	  and	  conclusions	  will	  be	  drawn.	  	  	  
3.1 	  Introduction	  to	  the	  Study	  	   Until	   now,	  we	  have	   introduced	   the	   anesthesia	   care	   in	   the	  ERCP,	   but	   as	   stated	   in	   the	  introduction,	  we	  will	  not	  try	  to	  study	  the	  whole	  operation.	  It	  was	  clear	  that	  a	  procedure	  in	  the	   OR	   would	   be	   studied,	   as	   they	   are	   more	   process	   oriented	   than	   other	   healthcare	  specialties,	  and	  hence,	  more	  suitable	  for	  the	  applicability	  of	  process	  mining.	  Nonetheless,	  the	   scope	   had	   to	   be	   narrowed,	   as	   focusing	   in	   a	   specific	   procedure	   would	   increase	   the	  success	  probability	  of	   the	   study.	  Then,	   it	  was	  decided	   that	  we	  could	   focus	  on	  one	  of	   the	  main	  issues	  regarding	  the	  anesthesia	  of	  an	  elective	  surgery:	  dealing	  with	  anxiety	  and	  pain	  in	  the	  patient.	  	  This	  is	  why	  we	  had	  to	  decide	  which	  of	  the	  vital	  signs	  that	  were	  available	  in	  our	  dataset	  were	   the	  best	  options	   to	   capture	   if	  patients	  were	  undergoing	  anxiety	  and/or	  pain.	  After	  discussing	   it	  with	  a	  medical	   specialist,	   it	  was	  clear	   that	   the	  heart	   rate,	   as	   it	   is	   caused	  by	  pain,	   anxiety,	   fever	   or	   an	   infection,	   should	   be	   studied.	   Then,	   it	   was	   also	   agreed	   that	  analyzing	  the	  blood	  pressure	  could	  be	   interesting	   in	  order	   to	  explain	  these	   factors.	  Even	  though	  blood	  pressure	  will	  not	  be	  directly	   related	   to	  anxiety	  or	  pain,	   it	   can	  also	  explain	  them	  in	  part.	  In	  the	  dataset,	  three	  different	  values	  for	  the	  BP	  were	  recorded:	  the	  mean,	  the	  diastolic	  and	  the	  systolic.	  After	  consulting	  with	  a	  medical	  specialist,	  it	  was	  decided	  that	  the	  best	  option	  would	  be	  to	  only	  take	  into	  account	  the	  mean	  values,	  as	  they	  will	  be	  the	  best	  to	  capture	  the	  variability	  in	  the	  BP	  values.	  	  As	   pain	   and	   anxiety	   are	   related	   to	   high	   values	   of	   heart	   rate	   and	   blood	   pressure,	  we	  want	  to	  focus	  the	  study	  on	  what	  affects	  these	  high	  values.	  Hence,	  all	  the	  process	  will	  have	  to	  be	  related	  to	  this	  goal.	  Nevertheless,	  we	  also	  realized	  that	  to	  analyze	  what	  affects	  to	  low	  values	   of	   heart	   rate	   and	   specially	   blood	   pressure,	  would	   be	  more	   complicated,	   as	  many	  external	   factors	  and	  also	  small	  variations	   in	  the	  administration	  of	   the	   infusion	  drugs	  can	  influence	  it.	  	  To	   correctly	   relate	   the	   recorded	   values	   to	   a	   suitable	   outcome	   for	   our	   study,	   it	   was	  needed	  to	  create	  thresholds	  for	  the	  high	  values	  of	  both	  BP	  and	  HR.	  As	  we	  want	  to	  focus	  on	  the	  high	  values	  of	  these	  vital	  signs,	  we	  will	  only	  create	  upper	  thresholds.	  For	  the	  HR,	  this	  threshold	  will	  be	  100	  bpm,	  and	  for	  the	  BP,	  it	  will	  be	  105	  mmHg.	  These	  values	  were	  agreed	  with	  a	  medical	  specialist.	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However,	   not	   all	   the	   studies	   will	   focus	   on	   these	   thresholds,	   as	   we	   will	   also	   create	  events	  for	  the	  vital	  signs	  with	  the	  trend	  of	  values.	  By	  doing	  this,	  we	  also	  want	  to	  capture	  the	  significant	  increases	  in	  the	  recorded	  values.	  
3.2 	  Information	  on	  the	  Dataset	  	   In	  this	  study	  we	  worked	  with	  two	  separated	  databases:	  one	  called	  small	  database,	  as	  it	  only	   have	   33-­‐recorded	   patients,	   and	   the	   large	   one,	   with	   848	   recorded	   patients.	   Even	  though	   they	   were	   given	   separately,	   they	   had	   almost	   the	   same	   structure	   and	  characteristics,	   making	   it	   perfect	   to	   combine	   them	   in	   order	   to	   achieve	   the	   best	   final	  results.	  	   	  As	  stated	  before,	   the	  collection	  of	  data	  will	  not	  be	  a	  part	  of	  our	  study.	  An	  automated	  system	  was	  used	  to	  collect	  all	  the	  raw	  data	  from	  all	  the	  anesthesia	  related	  details,	  from	  the	  start	  of	   the	  operation	  until	   the	  patient	  wakes	  up	   in	  the	  recovery	  room.	  Nonetheless,	   it	   is	  interesting	   to	  clearly	  know	  and	  understand	  the	  characteristics	  of	   the	  data.	  A	  dataset	  has	  many	  attributes,	  but	  we	  will	  only	  focus	  on	  some	  of	  them,	  the	  ones	  that	  are	  pertinent	  to	  our	  study.	  	  
• DBC	  code	  information:	  Many	  medical	  datasets	  include	  DBC-­‐code	  information.	  DBC	  stands	   for	  Diagnosebehandelcombinatie	   in	  Dutch,	   and	   in	   English,	   this	   term	   is	   known	   as	  Casemix.	   The	   presence	   of	   DBC-­‐codes	   is	   mainly	   used	   for	   clustering	   patients	   that	   have	  undergone	  similar	   treatments.	  Anyway,	   in	  our	  study,	   these	  codes	  will	  not	  be	  used,	  as	  all	  the	  patients	  will	  already	  be	  related	  to	  the	  same	  operation,	  the	  ERCP.	  	  
• Number	  of	  hospitals:	  The	  data	  was	  collected	   from	  only	  one	  hospital.	  The	  dataset	  was	   provided	   by	   the	   BIDMC	   Hospital	   in	   Boston.	   In	   other	   studies,	   data	   from	   different	  hospital	  was	  recorded	  and	  comparing	  the	  different	  performances	  between	  them	  was	  also	  a	  main	  topic	  of	  the	  study.	  	  
• Number	  of	  process	  instances:	  It	  reflects	  the	  number	  of	  patients	  in	  the	  dataset.	  An	  increased	   number	   of	   process	   instances	   results	   in	   an	   increase	   in	   events	   and	   a	   potential	  increase	  in	  variance	  in	  the	  process,	   leading	  to	  an	  increased	  process	  model	  complexity.	  In	  the	   small	   dataset,	   only	   33	   patients	  were	   studied,	  while	   in	   the	   larger	   one	   there	   are	   848	  patients.	  All	  of	  the	  patients	  were	  anonymous,	  as	  they	  are	  labeled	  with	  a	  number.	  	  
• Originators:	  They	  reflect	  the	  different	  medical	  specialists	  or	  the	  departments	  that	  carried	  the	  different	  operations.	  These	  originators	  can	  be	  really	  interesting	  while	  trying	  to	  cluster	   or	   rename	   the	   events	   relating	   who	   was	   the	   actual	   person	   or	   department	   that	  performed	  the	  operation.	  Anyway,	  in	  our	  dataset	  no	  differences	  between	  originators	  were	  described,	   as	   we	   will	   only	   focus	   on	   the	   patient’s	   response,	   no	   matter	   who	   was	   the	  specialists	  who	  carried	  out	  the	  operation.	  	  
• Timestamp:	  A	  timestamp	  can	  be	  used	  for	  correctly	  establishing	  the	  order	  of	  events	  in	   a	   process	   instance.	   When	   absent,	   it	   will	   be	   really	   difficult	   or	   even	   impossible	   to	  determine	  the	  order	  of	  the	  different	  events.	  In	  addition,	  many	  formats	  of	  timestamps	  have	  been	   identified.	   In	   our	   case,	   the	   timestamp	   format	   was	   a	   year-­‐month-­‐day	  
	   35	  
hour:minutes:seconds.	  This	  means	  that	   the	  preciseness	  of	   the	  timestamp	  will	  be	  high,	  as	  the	   event	   could	   be	   ordered	   with	   a	   preciseness	   of	   seconds.	   Also,	   this	   timestamp	   can	   be	  directly	   loaded	   into	   ProM	  without	   doing	   any	   changes.	   Anyway,	   if	   the	   log	   is	   loaded	  with	  Nitro,	  the	  timestamp	  format	  can	  be	  easily	  changed	  there.	  	   Note	   that	   an	   increase	   in	   number	   of	   events,	   event	   classes	   or	   types	   will	   lead	   to	   an	  increase	  of	  the	  data	  complexity	  and	  the	  process	  model	  complexity.	  This	  will	  lead	  us	  to	  an	  essential	  pre-­‐processing	  of	  the	  data	  in	  order	  to	  achieve	  a	  good	  outcome.	  	   The	   first	   dataset	   recorded	   the	   events	   of	   ERCP	   operations	   carried	   out	   during	   2011,	  while	   the	   second	   one	   was	   a	   large	   dataset	   from	   the	   operations	   of	   2012.	   So,	   the	   second	  dataset	  did	  not	  include	  the	  cases	  of	  the	  smaller	  one.	  	  Even	  though	  the	  size	  of	  the	  first	  dataset	  is	  quite	  small,	  it	  can	  provide	  really	  interesting	  information	  of	  the	  processes	  carried	  out	  during	  the	  operation.	  As	  stated	  before,	  we	  will	  get	  some	   important	   knowledge	   by	   analyzing	   the	   study	   that	   was	   carried	   out	   with	   33	  anonymous	  patients	  facing	  an	  ERCP	  operation.	  	  Those	  patients	  were	  of	  different	  ages	  and	  genders.	  Even	  though	  our	  study	  will	  not	  focus	  on	  the	  patient’s	  characteristics	  or	  the	  time	  of	  the	  procedure,	  it	  was	  interesting	  to	  capture	  some	  of	  the	  basic	  characteristics	  of	  the	  data.	  To	   do	   so,	  we	   used	  Minitab	  v,	   a	   statistical	   tool.	   The	  mean	   age	   of	   patients	   undergoing	   the	  ERCP	  in	  the	  study	  was	  65	  years	  old,	  with	  a	  standard	  deviation	  of	  15,40.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  9.	  Histogram	  of	  Age	  Distribution	  	  It	  was	   also	   interesting	   to	   check	   the	   duration	   of	   the	   operation.	  We	   also	   used	   the	  small	  dataset,	  mainly	  due	   to	   the	   start	   and	  end	  events	  of	   the	  operation	   (Anesthesia	  Start	  and	  End	  CompuRecord)	  were	  clear.	  This	  does	  not	  happen	  in	  the	  larger	  dataset,	  where	  the	  start	  and	  end	  event	  of	  the	  operation	  changed	  depending	  on	  the	  originator	  of	  the	  operation.	  The	  mean	  of	   the	  total	   time	  of	   the	  operation	  was	  68,58	  min,	  with	  a	  standard	  deviation	  of	  23,30	  min.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  v	  For	  further	  information,	  visit:	  www.minitab.com	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Figure	  10.	  Histogram	  of	  the	  Operation	  Time	  	  The	   dataset	   was	   already	   given	   in	  Microsoft	   Excel	   format	   (.xlsx).	   This	   file	   has	   seven	  different	  datasheets:	  	  	   1. Vital	  Signs:	  monitoring	  values	  of	  Heart	  Rate,	  Blood	  Pressure	  (diastolic,	  systolic	  and	  mean),	   Respiration	   Rate,	   EtCO2	   (end	   tidal	   CO2	   concentration)	   or	   SpO2	   (blood	  oxygen	  saturation	  %)	  2. Events:	  timestamps	  of	  the	  different	  steps	  of	  the	  anesthesia	  care	  3. Bolus	  Drugs:	  different	  bolus	  drugs	  administered	  and	  the	  amount	  of	  them	  4. Infusion	  Drugs:	  different	  infusion	  drugs	  administered	  and	  the	  amount	  of	  them	  5. Inhalation	  Drugs:	  different	  inhalation	  drugs	  administered	  and	  the	  amount	  of	  them	  	  	  6. Weight	   Height	   Baseline	   Saturation:	   different	   measurements	   of	   the	   patient’s	  characteristics.	  7. Dates:	  the	  age	  of	  each	  patient	  	  	   In	   the	   second	   dataset,	   due	   to	   the	   high	   number	   of	   cases,	   each	   datasheet	   was	   in	   a	  different	   file.	   However,	   the	   information	   in	   both	   datasets	   was	   almost	   the	   same,	   so	   the	  conclusion	  achieved	  while	  checking	  the	  first	  one	  are	  exportable	  to	  the	  larger	  one.	  	  
3.3 Pre-­‐Processing	  Methodology	  	   Many	  previous	   studies	   concluded	   that	   applying	  pre-­‐processing	   steps	   (preparation	  of	  the	  data)	  is	  one	  of	  the	  key	  steps	  while	  performing	  process	  mining.	  To	  do	  so,	  some	  previous	  knowledge	   of	   the	   actual	   process	   is	   essential.	   Pre-­‐processing	   can	   start	   in	   the	   very	   early	  stages	  of	  the	  stages.	  Moreover,	  it	  can	  start	  during	  the	  construction	  of	  the	  database.	  We	  can	  divide	  the	  pre-­‐processing	  steps	  into	  three	  main	  groups,	  using	  the	  ETL-­‐concept	  (extraction,	  transformation,	  load):	  	   First,	   the	   data	   has	   to	   be	   extracted	   from	   the	   source.	   The	   difficulty	   of	   this	   phase	  will	  depend	  on	  the	  source.	  As	  stated	  before,	  as	  we	  will	  be	  given	  the	  dataset	  already	  as	  an	  Excel	  file,	  no	  further	  explanation	  will	  be	  given.	  
Fig	  X.	  Histogram	  of	  Age	  distribution	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Then,	  there	  is	  the	  transformation	  stage,	  in	  which	  the	  most	  important	  steps	  of	  the	  pre-­‐processing	  are	  held.	  During	  this	  phase,	  it	  is	  decided	  which	  information	  is	  finally	  included	  in	  the	  final	  dataset,	  the	  one	  that	  will	  be	  uploaded	  to	  ProM	  in	  order	  to	  develop	  the	  study.	  As	  one	   can	   see,	   in	   the	   dataset	   there	   is	   much	   information	   that	   will	   not	   be	   used	   or	   will	   be	  useless	  for	  our	  study.	  Deleting	  this	  information	  will	  be	  the	  first	  thing	  in	  the	  transformation	  stage	   in	  order	   to	  narrow	  the	  scope	  of	   the	  study.	  Also,	   steps	  as	  clustering,	   filtering	  of	   the	  events	  or	  creating	  artificial	  events	  will	  be	  done.	  The	  two	  databases	  given,	  contain	  a	  huge	  amount	  of	  activities,	  many	  of	   them	  are	   low-­‐level	  activities,	  which	  can	  be	  aggregated	   into	  different	   clusters,	   or	   some	   other	   information	   that	   will	   not	   be	   pertinent	   for	   our	   study,	  which	   will	   be	   filtered.	   Another	   important	   step	   while	   pre-­‐processing	   the	   data	   will	   be	  related	   to	   the	   transformation	  of	   the	  waveforms	  of	   the	   recorded	  values	   into	   events.	   This	  will	  not	  be	  a	  trivial	  thing,	  so	  an	  in	  depth	  analysis	  of	  the	  data	  will	  be	  needed.	  	   Finally,	   the	   pre-­‐processed	   log	  will	   have	   to	   be	   loaded	   into	   ProM.	   To	   do	   so,	   there	   are	  several	  different	  options.	  In	  our	  study,	  we	  will	  use	  Nitro.	  	   All	  activities	  that	  have	  an	  important	  and	  a	  permanent	  effect	  on	  the	  database	  will	  be	  considered	  as	  pre-­‐processing.	  Pre-­‐processing	  steps	  can	  be	  done	  more	  than	  one	  at	  a	  time.	  In	  most	  cases,	  while	  executing	  the	  studies,	  one	  becomes	  aware	  of	  several	  things	  that	  can	  be	   changed	   in	  order	   to	   get	   a	   better	   result.	   Thus,	  we	   can	   assure	   that	   it	  will	   be	   a	   circular	  methodology,	   as	   we	   would	   like	   to	   change	   several	   things	   in	   order	   to	   get	   the	   best	   final	  model.	   	  The	  most	  used	  tool	  to	  perform	  the	  pre-­‐processing	  steps	  will	  be	   Excel	   MS	   [Riemers,	   2009;	   Ramos,	   2009].	   There	   are	   other	  possibilities,	  such	  as	  using	  MS	  Access	  in	  combination	  with	  ProM.	  Nevertheless,	   the	   easiest	   and	   fastest	   way	   to	   do	   it	   will	   be	   with	  Excel.	   Nonetheless,	   Excel	   has	   some	   limitations.	   When	   these	  limitations	  arise,	  we	  will	  use	  other	  tools,	  such	  as	  Nitro	  Filter	  (see	  Figure	   9)vi	  or	   ProM	   plug-­‐ins,	   such	   as	   the	   Filter	   Log	   using	   the	  Heurisitic	  Miner	  or	  the	  Enhanced	  Event	  Log	  Filter.	  
Figure	  11.	  Nitro	  Filtering	  Tools	  Normally	  if	  a	  model	  contains	  many	  different	  activities,	  it	  will	  end	  up	  showing	  a	  model	  called	  “spaghetti-­‐like”.	  This	  means	  that	  the	  model	  is	  too	  detailed	  and	  extremely	  difficult	  to	  understand.	   This	   is	   the	   reason	   why	   some	   pre-­‐processing	   would	   be	   sometimes	  indispensible	  in	  order	  to	  achieve	  some	  understandable	  results	  at	  the	  end	  of	  the	  study.	  In	  other	  cases,	  the	  pre-­‐processing	  steps	  will	  just	  be	  recommended.	  On	  the	  other	  hand,	  if	  one	  goes	  too	  far	  with	  pre-­‐processing	  the	  data,	  the	  level	  of	  the	  detail	  can	  be	  really	  low	  and	  the	  model	   will	   also	   end	   up	   being	   too	   simple,	   and	   hence,	   not	   useful	   to	   be	   analyzed.	   In	   the	  Process	  Mining	  Manifesto,	  structured	  models,	  called	  Lasagna	  Models	  are	  explained.	  These	  models,	   even	   though	   it	   is	   impossible	   to	   define	   them	   in	   a	   formal	  way,	   are	   said	   to	   be	   the	  processes	   that	   with	   a	   limited	   effort	   have	   a	   fitness	   of	   at	   least	   0.8.	   Sometimes	   it	   will	   be	  impossible	  to	  create	  these	  structured	  models,	  but	  anyway,	  there	  will	  be	  many	  continuous	  stages	  between	  spaghetti	  like	  model	  and	  lasagna	  models.	  The	  idea	  will	  be	  to	  create	  models	  that	  are	  closer	  to	  the	  lasagna	  than	  the	  spaghetti.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  vi	  http://fluxicon.com/blog/2011/07/nitro-­‐3-­‐0/	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3.4 Mining	  the	  Model	  	   Once	  the	  data	  is	  pre-­‐processed,	  the	  actual	  mining	  can	  start.	  	  As	  our	  study	  will	  focus	  on	  discovering	  new	  process	  models	  from	  the	  event	  logs,	  the	  control	  flow	  mining	  will	  be	  our	  chosen	  methodology.	  The	  generated	  process	  model	  reflects	  the	  actual	  process	  as	  observed	  through	   the	   real	   executions	   of	   the	   data.	   As	   discussed	   in	   the	   previous	   chapter,	   the	  algorithm	  used	  will	  be	  the	  Heuristic	  Miner,	  giving	  as	  an	  input	  a	  Heuristics	  Net.	  	  	  Some	   experts	   also	   commented	   the	   possibility	   of	   creating	   a	   Petri	   Net	   from	   the	  Heuristics	  Net	  with	  the	  ProM	  plug-­‐in	  Convert	  Heuristics	  Net	   into	  a	  Petri	  Net.	  A	  Petri	  Net	  basically	  consists	  of	  places,	  transitions	  and	  arcs.	  Arcs	  run	  between	  places	  and	  transitions,	  not	   between	   just	   places	   or	   just	   transitions.	   These	   nets,	   which	   are	   very	   useful	   while	  modeling	   systems	   with	   concurrent	   and	   asynchronous	  processing,	   are	   particularly	   suited	   to	   represent	   logical	  interactions	  among	  parts	  or	  activities	  in	  a	  system.	  Typical	  situations	   that	   can	   be	   modeled	   by	   Petri	   nets	   are	  synchronization,	   sequentially,	   concurrency	   and	   conflicts	  [Bobbio,	  1990].	  	  
Figure	  12.	  Petri	  Net	  Obviously,	  we	  translated	  some	  of	  the	  Heuristics	  net	  into	  Petri	  net	  in	  order	  to	  see	  if	  the	  new	  net	  could	  give	  us	  more	  information	  about	  the	  model.	  It	  did	  not,	  so	  we	  kept	  using	  the	  Heuristics	  net.	  	   Many	   times,	   even	   though	   the	   log	   has	   been	   filtered	   and	   some	   of	   the	   data	   has	   been	  removed,	  the	  model,	  due	  to	  the	  inner	  characteristics	  of	  the	  medical	  domain,	  which	  do	  not	  have	  a	  single	  flow	  and	  the	  operations	  will	  depend	  on	  the	  patient	  and	  also	  the	  doctor,	  will	  still	  be	  spaghetti	  like,	  will	  not	  be	  understandable	  or	  directly	  the	  resulting	  model	  does	  not	  fulfill	  what	  was	  pursued.	  	  For	  this	  reason,	  going	  back	  and	  apply	  again	  some	  pre-­‐processing	  steps	  will	  be	  very	  common.	  If	  possible,	  it	  would	  be	  interesting	  to	  try	  to	  apply	  ProM	  plug-­‐ins	  as	  much	  as	  possible	   in	   these	  stages,	   in	  order	   to	  not	   repeat	   the	  steps	  of	   transforming	  and	   loading	   the	   complete	  data	   again.	  But	   sometimes,	  we	  will	   not	   have	   any	  other	   option	  than	  going	  back	  and	  repeating	  the	  process.	  Clustering	  techniques	  can	  be	  applied	  in	  these	  stages	   in	   order	   to	   divide	   the	   process	   into	   different	   groups,	   in	   which	   the	   groups	   have	  similar	  characteristics	  once	  more	  knowledge	  about	  the	  model	  is	  achieved	  and	  the	  model	  is	  simplified.	  	   Also,	  it	  will	  be	  interesting	  to	  try	  to	  change	  the	  parameters	  of	  the	  Heuristics	  Miner.	  As	  we	  know,	  there	  are	  no	  optimal	  parameters;	   in	  every	  case,	  depending	  on	  the	  scope	  of	  the	  desired	  model,	  there	  will	  be	  a	  better	  combination.	  Hence,	  it	  would	  be	  important	  to	  discuss,	  in	  each	  case,	  which	  is	  the	  most	  suitable	  parameter	  setting.	  This	  discussion	  will	  be	  carried	  out	  while	  creating	  the	  models.	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3.5 Analysis	  of	  the	  Model	  	   Once	  the	  mining	  is	  done,	  it	  is	  time	  to	  start	  analyzing	  the	  models.	  As	  our	  output	  will	  be	  the	   Heuristics	   net,	   that	   is	   what	   will	   be	   analyzed.	   We	   will	   try	   to	   extract	   interesting	  conclusions	   and	   relations	   between	   the	   created	   events	   in	   order	   to	   know	  how	   the	   doctor	  performs	  in	  these	  situations.	  	   Even	  though	  the	  model	   is	  understandable	  and	  some	  conclusions	  can	  be	  achieved,	  we	  will	  need	  to	  measure	  the	  quality	  of	  the	  model.	  How?	  As	  explained	  in	  the	  literature	  review,	  while	  working	  with	  the	  Heuristics	  Miner,	  the	  fitness	  value	  will	  be	  the	  main	  value	  checked,	  but	  the	  appropriateness	  of	  the	  model	  must	  also	  be	  checked.	  	   Nevertheless,	   not	   only	   will	   it	   be	   important	   to	   check	   these	   parameters.	   More	  importantly	   in	   our	   study	   will	   be	   to	   check	   if	   the	   resulting	   models	   are	   correct	   under	   a	  medical	   perspective.	   A	  model	   can	  be	   correct	   under	   a	  mining	  perspective,	   but	   it	  will	   not	  make	  any	  sense	  if	  a	  medical	  specialist	  checks	  them.	  Hence,	  all	  the	  models	  will	  have	  to	  be	  supervised	  by	  a	  specialist.	  	  
3.6 	  Pattern	  Followed	  	   After	   explaining	   the	   different	   points	   of	   the	   application	   of	   process	   mining,	   we	   will	  define	   some	   clear	   steps	   in	   order	   not	   to	  miss	   any	   of	   them	   during	   the	   actual	   application.	  Even	  though	  process	  mining	  is	  an	  iterative	  process,	  we	  will	  try	  to	  define	  a	  linear	  model	  in	  order	  to	  make	  the	  steps	  clearer.	  	  	  Some	  of	  these	  steps	  will	  be	  essential	  and	  cannot	  be	  skipped,	  while	  others	  are	  optional	  and	  hence,	  their	  application	  will	  depend	  on	  the	  scope	  of	  the	  study.	  Nevertheless,	  the	  next	  steps	  explained	  will	  be	  the	  ones	  that	  we	  will	  follow	  while	  applying	  our	  case.	  	   1. Data	  Collection	  	   The	  data	  was	  collected	  by	  an	  automated	  procedure	  and	  then	  loaded	  into	  MS	  Excel.	  As	  explained	  before,	  no	  discussion	  about	  this	  process	  will	  be	  held	  as	  it	  was	  already	  given	  to	  us	  and	  no	  modifications	  of	  this	  procedure	  were	  possible.	  	   2. Check	  the	  Accuracy	  of	  the	  Raw	  Data	  (Excel	  and	  Visual	  Exploration)	  	  In	  order	  to	  be	  sure	  that	  the	  data	  will	  be	  correct	  for	  the	  future	  steps	  of	  the	  process,	   it	  was	   important	   to	   check	  whether	  or	  not	   the	  data	  was	  correct.	   It	   is	   also	   recommended	   to	  check	   if	   the	   data	   is	   complete	   and	   homogeneous.	   For	   instance,	   it	   was	   checked	   that	   no	  duplicate	  values	  appeared	  in	  the	  dataset.	  	  	   3. Deleting	  Irrelevant	  Information	  (Excel)	  	   We	  received	  the	  raw	  data	  in	  which	  there	  was	  much	  information	  that	  was	  irrelevant	  for	  the	  development	  of	   the	  study.	   In	  order	   to	  not	  work	  with	   large	   files	   in	  which	  most	  of	   the	  
	   40	  
information	  will	   not	   be	   used,	   it	   was	   clear	   that	   the	   information	   that	   would	   not	   be	   used	  should	   be	   removed	   from	   the	   dataset.	   As	   the	   data	   was	   in	   an	   Excel	   file,	   the	   best	   way	   to	  convert	   it	  was	   by	   using	  MS	  Excel.	  With	   this	   software,	   the	   irrelevant	   information	   for	   the	  study	  can	  be	  deleted	  easily.	  	  	   4. Transform	  Waveforms	  Into	  Events	  (Excel	  Macros)	  	   One	  of	  the	  main	  issues	  that	  we	  had	  to	  face	  during	  the	  development	  of	  this	  study	  was	  to	  correctly	  transform	  the	  waveforms	  of	  the	  recorded	  values	  into	  events.	  Remember	  that	  to	  proceed	   with	   process	   mining,	   the	   creation	   of	   events	   is	   a	   step	   that	   cannot	   be	   skipped;	  otherwise	  ProM	  algorithms	  will	  not	  be	  able	  to	  mine	  a	  model.	  	  	   In	  our	  case,	  we	  will	  have	  to	  transform	  ample	  data.	  First,	  the	  vital	  signs	  will	  have	  to	  be	  converted	  from	  the	  different	  events	  values	  into	  events.	  To	  do	  so,	  we	  will	  create	  a	  series	  of	  rules.	  In	  order	  to	  apply	  this	  rules	  to	  the	  dataset,	  we	  programmed	  them	  in	  Visual	  Basic	  in	  order	  to	  use	  them	  in	  Excel	  as	  Macros.	  Programs	  used	  can	  be	  found	  in	  the	  appendix.	  	   We	  will	  not	  only	  have	  to	   transform	  the	  vital	  signs,	  but	  also,	   the	   inhalation	  drugs	  will	  have	  to	  be	  converted	  from	  a	  series	  of	  values	  into	  events.	  This	  will	  be	  an	  easier	  task,	  as	  the	  recorded	   values	  will	   be	   translated	   into	   Start	   Inhalation	   Drug,	   Increase	   Inhalation	   Drug,	  Decrease	   Inhalation	   Drug	   and	   End	   Inhalation	   Drug	   straight	   just	   depending	   on	   the	   dose	  given.	  	   5. Renaming	  and	  Aggregation	  of	  Events	  (Excel)	  	   Sometimes	   it	   can	   be	   useful	   to	   aggregate	   events	   that	   have	   a	   similar	  meaning,	   even	   if	  shown	   separately	   in	   the	   dataset.	   In	   our	   case,	  we	  will	   aggregate	   the	   different	   dosages	   of	  propofol	  given	   to	   the	  patient.	  This	  drug	  can	  be	  given	  as	  a	  bolus	  drug	  and	  as	  an	   infusion	  drug.	  Nºormally,	  renaming	  these	  events	  will	  precede	  the	  aggregation	  step.	  In	  our	  case,	  we	  want	   to	   aggregate	   all	   the	   propofol	   dosages.	   Bolus	   drugs	   will	   be	   directly	   labeled	   as	  propofol,	  but	  the	  inhalation	  will	  have	  to	  be	  renamed.	  	   6. Clustering	  (Excel)	  	   Clustering	   techniques	   are	   extremely	   important	   while	   applying	   successfully	   process	  mining	   techniques.	   By	   doing	   this,	   the	   final	   result	  will	   suppose	   to	  make	   the	   final	  models	  more	  understandable	  and	  with	  higher	  fitness	  values.	  It	  is	  probably	  better	  to	  apply	  in	  later	  steps	  of	  the	  analysis,	  when	  the	  researcher	  has	  more	  knowledge	  about	  the	  study.	  To	  do	  it,	  the	  best	  way	  will	  be	  to	  use	  Excel,	  as	  it	  will	  be	  easy	  and	  fast	  to	  do	  so.	  	   What	   are	   called	   low-­‐level	   activities	   can	  be	   aggregated	   into	   clusters	   in	   order	   to	   have	  less	   activities	   but	   retaining	   the	   information.	   Clustering	   is	   very	   useful	   especially	   while	  working	  in	  a	  healthcare	  environment,	  because	  the	  cases	  usually	  follow	  different	  paths.	  For	  instance,	  as	  said	  in	  the	  literature	  part,	  there	  will	  be	  a	  classification	  of	  the	  drugs	  that	  will	  be	  used	  the	  studies.	  To	  create	  this	  groups	  from	  the	  database,	  the	  Excel	  tool	  Vlookup	  will	  be	  used.	   Also	   in	   ProM,	   there	   are	   some	   clustering	   techniques	   available,	   such	   as	   SOM	   (Self	  Organizing	  Map)	  Trace	  Clustering	  or	  Sequence	  Clustering	  that	  can	  cluster	  the	  log	  from	  its	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performance.	  Nevertheless,	  we	  will	  not	  use	  these	  plug-­‐ins.	  	  7. Creating	  an	  Event	  Log	  (Nitro)	  	   Once	  the	  data	  is	  pre-­‐processed,	  it	  will	  be	  time	  to	  create	  the	  event	  log.	  As	  we	  will	  work	  with	   Excel	   files	   in	   order	   to	   do	   all	   the	   preprocessing	   steps,	   those	   files	   will	   have	   to	   be	  converted	  into	  a	  format	  that	  can	  be	  used	  easily	  with	  ProM.	  This	  format	  will	  be	   .XES,	  as	  it	  will	   be	   the	   one	   used	   in	   ProM	  6	   and	   later	   versions.	   One	   can	   also	   use	   the	   .MXML	   format,	  especially	  while	  using	  older	  versions	  of	  ProM	  that	  cannot	  read	  .XES.	  To	  create	  both	  these	  event	  logs,	  Nitro	  will	  be	  the	  tool	  used.	  	  	  8. Add	  Artificial	  Start/End	  Task	  (Nitro)	  	  	   In	  order	   to	  make	   the	  model	  more	  understandable	   (making	   the	   start	   and	   the	  end	  more	  visual)	  and	   to	  greatly	   improve	   the	   fitness	  measure,	  artificial	   start/end	   task	  will	  be	  added.	  Many	  studies	  recommended	  adding	  them.	  To	  do	  so,	  there	  are	  several	  options.	  Until	  recently,	  it	  was	  done	  with	  a	  ProM	  plugin,	  Add	  artificial	  start/end	  task	  log	  filers	  but	  now	  it	  can	  be	  done	  with	  Nitro,	  just	  clicking	  the	  option	  Add	  endpoints.	  This	  enables	  you	  to	  clearly	  see	   the	   starting	   and	   ending	   point	   of	   your	   process	   in	  mined	  process	   models.	   It	   is	   highly	   recommended	   to	   have	   those	  events	  before	  the	  mining.	  	  
Figure	  13.	  Nitro	  Option	  to	  Add	  Endpoints	  9. Event	  Log	  (Nitro)	  	   The	  event	  logs	  are	  created	  after	  converting	  the	  Excel	  files	  into	  .XES.	  These	  logs	  will	  be	  the	  basis	  of	  the	  analysis	  in	  ProM.	  	   10. Filtering	  (Filter	  using	  Simple	  Heuristics/Excel/Nitro)	  	  While	  using	  ProM	  and	  carrying	  out	  the	  studies,	  it	  is	  possible	  that	  one	  can	  also	  want	  to	  reduce	  the	  event	  classes	  that	  are	  included	  or	  to	  filter	  the	  less	  frequent	  cases.	  According	  to	  the	  study	  of	  Janssen,	  the	  Enhanced	  event	  log	  filter,	  for	  its	  simplicity	  and	  effectiveness,	  will	  be	  the	  most	  suitable	  filter	  plug-­‐in.	  Nonetheless,	  for	  the	  scope	  of	  our	  study,	  the	  Filter	  using	  the	  Heuristics	  Miner	  is	  also	  a	  suitable	  option.	  	   But	   this	   filtering	   can	   also	   be	   made	   during	   the	   transformation	   of	   the	   data	   with	   the	  Excel,	  by	  using	  the	  Excel	  tool	  Advanced	  Filter	  or	  by	  using	  the	  Filter	  applications	  of	  Nitro.	  Hence,	  filtering	  can	  be	  performed	  in	  many	  different	  stages	  of	  the	  study.	  As	  stated	  before,	  we	  will	  basically	  use	  Excel	  to	  filter	  the	  data,	  as	  we	  will	  be	  dealing	  with	  Excel	  files	  and	  it	  is	  an	  intuitive	  and	  simple	  tool.	  	   11. Heuristics	  Miner	  (ProM)	  	   When	   the	   previous	   patterns	   have	   been	   executed,	   it	   is	   time	   to	   apply	   the	   Heuristics	  Miner	   algorithm.	   This	   approach	  will	  most	   likely	   result	   in	   an	   understandable	   and	   usable	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process	   model.	   In	   addition,	   the	   researcher	   may	   change	   the	   parameters	   intuitively	   to	  obtain	  a	  better	  process	  model.	  	  	  Since	   the	  different	   parameters	   approaches	   are	   not	  mutually	   exclusive,	   both	  produce	  good	  results	  and	  are	  easily	  performed,	  it	  can	  be	  considered	  to	  try	  both.	  	   After	  the	  actual	  mining,	  and	  once	  the	  model	  is	  shown	  in	  ProM,	  there	  will	  be	  some	  other	  possible	  steps	  to	  do.	  Indeed,	  trace	  clustering,	  which	  is	  a	  plug-­‐in	  that	  automatically	  clusters	  some	   of	   the	   events,	   is	   sometimes	   used	   as	   additional	   techniques	   that	   can	   improve	   the	  process	  model.	   In	  our	   study,	  we	  will	  not	  use	   this	  plug-­‐in,	   as	   the	   clusters	  will	  need	   to	  be	  created	  adding	  some	  medical	  knowledge.	  	  	   12. Analysis	  of	  the	  Models	  	  Obviously,	  after	  the	  model	  is	  shown,	  it	  will	  have	  to	  be	  analyzed	  to	  extract	  the	  relevant	  conclusions	  from	  it.	  	   After	  explaining	  all	  the	  steps	  that	  are	  going	  to	  follow	  while	  carrying	  on	  with	  the	  whole	  study,	  it	  was	  interesting	  to	  show	  these	  steps	  in	  a	  graph.	  	  	  	  
	  
Figure	  14.	  All	  the	  steps	  followed	  to	  apply	  process	  mining	  in	  our	  study	  case.	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4 PROCESSING	  THE	  DATASET	  	   In	   the	   previous	   chapter	  we	   described,	   under	   a	   theoretical	   perspective,	   all	   the	   steps	  that	   we	   will	   follow	   while	   pre-­‐processing	   the	   raw	   data.	   In	   this	   chapter,	   we	   will	   apply	  practically	   all	   these	   steps	   to	   our	   case	   and	   they	  will	   then	   be	   explained	   and	   discussed	   in	  depth.	  	  	  
4.1 Transformation	  of	  the	  Data	  	   In	  this	  part	  we	  will	   focus	  on	  the	  transformations	  that	  must	  be	  done	  to	  the	  dataset	   in	  order	   to	   achieve	   the	   best	   possible	   results	   in	   the	   final	   models.	   Performing	   these	  transformations	   correctly	   will	   be,	   in	   our	   opinion,	   the	   most	   important	   and	   challenging	  process	  in	  the	  whole	  performance	  of	  process	  mining.	  It	  will	  not	  be	  an	  easy	  task,	  as	  actions	  taken	  will	  highly	  depend	  on	  the	  evolution	  of	  our	  study.	  	   Furthermore,	   the	   transformations	   will	   also	   be	   a	   time	   consuming	   process.	   They	   will	  have	   to	   be	   reformulated	   many	   times	   as	   more	   knowledge	   about	   the	   actual	   process	   is	  acquired	   and	   the	   scope	   of	   the	   project	   is	   narrowed,	   leading	   us	   to	   a	   long	   process.	   Even	  though	  we	  will	   explain	   the	   steps	  as	  a	   lineal	  process,	  during	   the	  performance	  of	   the	  pre-­‐processing	  steps	  we	  will	  have	  to	  go	  back	  and	  modify	  the	  scope	  various	  times.	  	   However,	  not	  all	   the	  steps	  explained	   in	   the	  previous	  chapter	  will	  be	  discussed	   in	   the	  transformation	  of	  the	  data,	  as	  many	  of	  them	  will	  just	  be	  performed	  directly	  with	  software.	  	   Even	  though	  it	   is	  not	  a	  compulsory	  step,	  we	  had	  the	  opportunity	  to	  first	  work	  with	  a	  small	  dataset	  because	  there	  were	  two	  datasets	  available.	  We	  began	  our	  study	  by	  analyzing	  this	  data	  received	  from	  the	  small	  dataset.	  
Getting	  In	  Touch	  With	  the	  Dataset	  	   The	  study	  was	  performed	  with	  the	  large	  dataset.	  Nonetheless,	  as	  we	  first	  received	  the	  small	  dataset,	  it	  was	  really	  interesting	  to	  utilize	  it	  in	  order	  to	  familiarize	  ourselves	  with	  the	  entire	  process	  and	  the	  dataset	  itself.	  	  	   We	  proceeded	  to	  carry	  out	  the	  complete	  study	  with	  the	  33	  patients.	  The	  results	  of	  this	  first	   study	  were	   not	   very	   successful,	   as	   the	   resulting	  models	  were	   not	   able	   to	   properly	  explain	  the	  log,	  due	  to	  low	  fitness	  value	  and	  lack	  of	  medical	  conformance.	  The	  final	  results	  did	  not	  differ	  from	  the	  ones	  that	  were	  found	  in	  the	  study	  of	  the	  previous	  study	  carried	  out	  by	  Tim	  van	  de	  Steeg	  in	  his	  Minor	  Project	  [Kaymak	  et	  al.,	  2012].	  	   However,	   our	   main	   goal	   while	   working	   with	   this	   small	   dataset	   was	   not	   to	   extract	  conclusions	   from	  the	  model.	  Due	   to	   the	  small	  size	  of	   the	  data,	  we	  used	   it	   to	  get	   in	   touch	  with	   the	   characteristics	   of	   the	  data	   and	   to	  manually	   check	  how	   the	  data	  was	   given.	  The	  data	  gave	  us	  insights	  about	  peculiarities	  of	  the	  process	  and	  also	  increased	  our	  knowledge	  of	  the	  whole	  procedure,	  knowledge	  that	  was	  vital	  for	  the	  main	  study.	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Essentially,	   it	  was	  interesting	  to	  describe	  the	  peculiarities	  of	  the	  dataset	  relating	  the	  HR	  and	  the	  BP.	  For	  instance,	  with	  Minitab,	  we	  depicted	  the	  graphs	  of	  the	  waveform	  of	  the	  HR	  and	  BP	  recorded	  values.	  This	  was	  really	  helpful	  while	  having	  to	  come	  up	  with	  the	  rules	  to	  translate	  the	  waveforms	  of	  values	  into	  the	  relevant	  events.	  Also,	  by	  analyzing	  the	  plots,	  we	  realized	  that	  other	  pre-­‐processing	  steps	  were	  needed.	  	  Using	  Minitab,	  we	   first	  wanted	   to	  get	  an	   idea	  of	   the	  whole	  characteristics	  of	   the	  HR	  and	  the	  BP.	  This	  is	  the	  reason	  why	  the	  histogram	  of	  the	  Heart	  Rate	  and	  the	  Blood	  Pressure	  were	   drawn.	   The	  mean	   of	   the	   HR	   values	   was	   79,79	   bpm,	   with	   a	   standard	   deviation	   of	  14.89	  bpm.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  15.	  Histogram	  of	  the	  Heart	  Rate	  Values	  	   On	  the	  other	  hand,	  by	  taking	  a	  look	  at	  the	  histogram	  of	  the	  Blood	  Pressure	  Mean,	  the	  mean	  of	  these	  values	  was	  87.89	  mmHg,	  with	  a	  standard	  deviation	  of	  21.62	  mmHg.	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compared	  to	  the	  ones	  recorded	  for	  the	  Heart	  Rate.	  So,	  while	  applying	  the	  rules	  to	  create	  the	   trend	  events	   from	   the	   recorded	  data,	   the	   total	   amount	  of	   recorded	  values	   the	   series	  used	   in	   order	   to	   create	   these	   events	   for	   the	   Blood	   Pressure	   should	   be	   lower.	   We	   also	  realized	  that	  the	  range	  of	  values	  for	  the	  Blood	  Pressure	  was	  also	  higher,	  so	  the	  minimum	  difference	   value	   between	   the	   extreme	   values	   should	   be	   higher	  while	   creating	   the	  Blood	  Pressure	  events.	  	  	  After	   analyzing	   all	   the	   recorded	   values	   of	   these	   two	   vital	   signs,	   the	   plots	   of	   the	  recorded	  values	  of	  the	  HR	  for	  each	  patient	  were	  drawn	  also	  using	  Minitab.	  These	  plots	  can	  be	  checked	  in	  the	  appendix	  of	  the	  thesis.	  While	  taking	  a	  look	  at	  these	  plots,	  some	  unusual	  behavior	  can	  be	  noticed	  in	  some	  of	  these	  patients.	  If	  we	  wanted	  to	  focus	  our	  study	  in	  the	  small	   dataset,	   the	   way	   to	   approach	   this	   behavior	   would	   be	   to	   do	   the	   study	   with	   and	  without	   those	   patients,	   as	   it	   could	   serve	   as	   a	   way	   to	   prove	   that	   process	   mining,	   and	  specifically	  the	  Heuristics	  Miner,	  can	  deal	  with	  these	  exception	  procedures.	  Keep	  in	  mind	  that	  the	  algorithm	  used	  is	  meant	  to	  be	  the	  most	  robust	  algorithm	  to	  deal	  with	  noise.	  	  	   -­‐	  Patient	  28:	  	  The	  values	  of	  the	  HR	  evolution	  were	  not	  recorded	  for	  this	  patient,	  i.e.	  the	   values	   shown	   are	   always	   0.	   This	  makes	   us	   realize	   that	   it	   can	   be	   possible	   that	   there	  could	  be	   some	   recording	   errors,	  which	  have	   to	  be	   spotted	  and	   then	  act	   in	   consequence.	  	  However,	  in	  the	  large	  dataset,	  all	  patients	  have	  recorded	  values	  for	  the	  heart	  rate	  and	  the	  mean	  of	  the	  blood	  pressure.	  	  -­‐	   Patients	   29	   and	   22:	   For	   patient	   22	  there	   is	   one	   null	   value	   of	   the	   HR	   and	   for	  patient	  29	  there	  are	  three.	  This	  is	  most	  likely	  due	   to	   a	   failure	   in	   the	   recording	   operation.	  Clearly	   those	   three	   values	   will	   not	   be	   taken	  into	   account	   in	   the	   study.	   Because	   of	   these	  errors,	   it	   was	   important	   that	   the	   null	   values	  were	  deleted	  in	  the	  large	  dataset.	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with	  medical	  specialists,	   it	  was	  agreed	  that,	   like	   in	   the	   large	  dataset	   the	  use	  of	   the	  other	  infusion	   drug	  was	   very	   limited	   to	   a	   specific	   patient,	  we	  would	   consider	   propofol	   as	   the	  only	   infusion	  drug	  administered.	  This	   is	  because	  we	  were	  trying	  to	  capture	  the	  way	  that	  the	   anesthesiologists	   react	   to	   high	   heart	   rates	   and	   blood	   pressures,	   and	   if	   these	   other	  infusion	   drugs	   were	   added,	   it	   will	   increase	   the	   complexity	   of	   the	   final	   models	   without	  giving	  us	  any	  interesting	  information.	  Obviously,	  if	  the	  study	  was	  not	  focused	  in	  modeling	  the	  main	  behavior	  and	  the	  best	  outcome	  for	  the	  operation,	  and	  hence,	  wanted	  to	  explain	  specific	  behavior,	  we	  would	  have	  kept	  these	  drugs.	  	  	   -­‐	  Patient	  27:	  Having	  a	  look	  at	  the	  plot	  of	  the	  HR	  of	  this	  patient,	  one	  can	  notice	  some	  peaks.	  Even	  though	  physiologically	  speaking	  a	  peak	  around	  10	  bpm	  is	  acceptable	  between	  two	  consecutives	  records	  (15	  seconds),	   it	  was	  wise	  to	  perform	  a	  boxplot	  test	   in	  order	  to	  realize	  if	  those	  peaks	  were	  anomalous	  values	  in	  the	  study.	  	   	  	   Checking	   the	   boxplot,	   one	   can	   realize	   that	  there	   are	   seven	   statistically	   anomalous	   values.	  From	  a	  medical	  point	  of	  view,	  from	  those	  7	  values,	  only	   three	   of	   them	   will	   be	   considered	   as	   really	  anomalous,	   so	   no	   events	   would	   be	   created	   from	  those	  three	  values	  (82,	  76	  and	  74	  bpm).	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the	  reasons	  to	  explain	  these	  disappointing	  results	  was	  that	  we	  probably	  created	  too	  many	  events,	  while	  wanting	  to	  have	  a	  log	  that	  was	  really	  precise.	  This	  leads	  to	  models	  with	  low	  fitness	  values.	  Pre-­‐processing	  steps	  were	  also	  used,	  but	  the	  results	  were	  not	  good	  enough.	  	  	  Subsequently	  making	  it	  clear	  that	  a	  larger	  dataset	  would	  be	  essential	  if	  we	  wanted	  to	  achieve	  acceptable	  results	  in	  the	  study.	  	  
Checking	  the	  Accuracy	  of	  the	  Raw	  Data	  	  Before	  the	  actual	  pre-­‐processing	  starts,	  it	  is	  extremely	  important	  that	  the	  raw	  data	  is	  analyzed	  and	  checked	  to	  see	  if	  it	  corresponds	  with	  our	  expectations.	  In	  our	  case,	  we	  first	  familiarized	  ourselves	  with	  the	  raw	  data.	  To	  do	  so,	  we	  used	  the	  small	  dataset	  as	  previously	  explained.	  	  Then,	  we	  received	  the	  second	  dataset.	  First,	  we	  wanted	  to	  know	  whether	  the	  cases	  in	  the	  first	  dataset	  were	  included	  in	  the	  second	  one,	  even	  though	  they	  were	  not	  supposed	  to	  be	  there.	  It	  was	  easily	  performed	  with	  Excel	  and	  the	  analysis	  confirmed	  that	  the	  cases	  in	  the	  two	  datasets	  were	  different.	  	  Next,	   we	   wanted	   to	   confirm	   if	   there	   were	   any	   duplicate	   cases	   in	   the	   raw	   data.	   We	  discovered	  that	   in	  all	   the	   files	   the	  same	   information	  appeared	  three	   times	  with	  different	  patients’	   number.	  Once	   it	  was	  noticed,	   the	  duplicated	   values	  were	   easily	   removed	  using	  the	  Excel	  tool	  Duplicate	  Values.	  	  	  After	  the	  duplicated	  values	  were	  deleted,	   in	  the	  Events,	  Leave	  Location	  was	  repeated	  in	  all	  the	  patients,	  but	  with	  a	  different	  ID	  number.	  These	  made	  it	  harder	  to	  notice,	  but	  once	  we	  started	  to	  draw	  the	  models,	  we	  realized	  and	  deleted	  the	  duplicates.	  Something	  similar	  happened	   with	   other	   events	   as	   Record	   Continues	   in	   PACU.	   In	   some	   patients,	   they	  appeared	  more	  than	  one	  time,	  but	  with	  different	  timestamps.	  Normally,	  the	  second	  event	  happened	  after	  the	  operation	  was	  over,	  so	  we	  decided	  to	  delete	  the	  second	  recorded	  value	  for	  each	  patient.	  	  In	  further	  points	  we	  will	  explain	  that	  some	  studies	  were	  carried	  out	  with	  peak	  events	  from	  the	  HR	  and	  BP.	  These	  events	  were	  created	  using	  a	  Matlab	  algorithm.	  However,	  there	  was	   a	   problem:	   the	   date	   of	   these	   peaks	   was	   not	   correct,	   as	   all	   the	   timestamps	   were	  recorded	  two	  days	  before	  the	  actual	  surgery	  started.	  Once	  it	  was	  spotted,	  we	  easily	  fixed	  the	  problem.	  	  
Deleting	  Non-­‐Relevant	  Information	  	   The	   raw	   data	   received	   contained	  much	  more	   information	   that	   is	   irrelevant	   for	   the	  development	  of	  the	  study.	  In	  order	  to	  avoid	  working	  with	  large	  files	  in	  which	  most	  of	  the	  information	   will	   not	   be	   used,	   it	   was	   clear	   that	   the	   irrelevant	   information	   should	   be	  removed	  from	  the	  dataset.	  	   As	  the	  data	  was	  in	  an	  Excel	  file,	  the	  best	  way	  to	  transform	  it	  was	  by	  using	  MS	  Excel.	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With	  this	  software,	  the	  irrelevant	  information	  for	  the	  study	  can	  be	  deleted	  easily.	  	   As	   stated	   in	   the	  previous	  chapter,	   the	  dataset	  was	  divided	   into	  seven	  different	   files.	  From	   those,	   we	   only	   ended	   up	   using	   four:	   vital	   signs,	   events,	   bolus	   drugs	   and	   infusion	  drugs.	  Thus,	  we	  will	  not	  be	  using	  the	  inhalation	  drugs	  files	  nor	  the	  files	  relating	  to	  patient’s	  characteristics.	  The	  inhalation	  drugs	  files	  were	  not	  included	  in	  the	  study	  because	  they	  do	  not	  have	  a	  major	  influence	  in	  dealing	  with	  pain	  and	  anxiety.	  The	  other	  two	  files	  that	  were	  not	   used,	   one	   related	   to	   the	   age	   of	   each	   patient	   and	   the	   other	   one	   to	   the	   patients’	  characteristics	   such	   as	   weight,	   height	   and	   pre-­‐operation	   02	   saturation	   were	   also	   not	  relevant	  because	  we	  were	  looking	  for	  the	  doctors’	  response	  to	  specific	  situations	  such	  as	  pain	  or	  anxiety,	  without	  seeking	  any	  special	  relation	  to	  the	  patients’	  characteristics.	  	  	  
Filtering	  the	  Data	  	  There	  will	   be	   several	   different	   steps	  where	   filtering	   techniques	  will	   be	   applied.	   And	  depending	  on	  the	  step	  of	  the	  process	  that	  this	  filter	  is	  needed,	  one	  tool	  or	  another	  will	  be	  used.	  Nonetheless,	  most	  of	  the	  filtering	  done	  in	  our	  study	  will	  be	  performed	  in	  Excel.	  	  
• Filtering	  the	  Vital	  Signs	  	   The	   first	   and	  main	   filtering	   will	   be	   done	  with	   Excel,	   as	   we	   have	   the	   dataset	   in	   this	  format.	   In	  the	  vital	  signs	   file,	  we	  will	  only	  use	  the	  recorded	  values	  of	   the	  Heart	  Rate	  and	  the	  mean	  of	   the	  Blood	  Pressure.	  For	   this	  reason,	  we	  can	   filter	   the	  other	  vital	  signs.	  Also,	  like	  in	  the	  small	  dataset	  we	  realized	  that	  in	  some	  of	  the	  recorded	  values,	  there	  were	  some	  errors	  in	  the	  records	  (by	  errors	  we	  mean	  that	  the	  value	  showed	  is	  a	  0),	  we	  wanted	  to	  filter	  them.	  In	  order	  that	  these	  values	  do	  not	  influence	  the	  final	  study,	  they	  will	  also	  be	  removed	  from	  the	  study.	  	  
• Filtering	  the	  Drugs	  	   As	  we	  will	   only	  use	   the	  drugs	   that	   appear	   in	   the	   clusters,	  we	  will	   filter	   all	   the	  other	  drugs,	   both	   bolus	   and	   inhalation.	   So,	  we	  will	   only	   keep	   the	   following	   list	   of	   drugs	   (note	  that	  the	  drugs	  relating	  the	  cluster	  of	  muscle	  relaxants	  will	  not	  appear	  in	  the	  dataset,	  as	  this	  cluster	  was	  only	  used	  to	  filter	  the	  patients	  undergoing	  an	  ERCP	  with	  general	  anesthesia):	  	  Labetalol	   Haloperidol	  	   Morphine	  IV	   Fentanyl	  Esmolol	   Dexmedetomidine	   Hydromorphone	   Metropolol	  Midazolam	   Etomidate	  	   Propofol	   	  
	  
Table	  7.	  List	  of	  Drugs	  Used	  in	  Study	  	  
• Filtering	  Patients	  Given	  General	  Anesthesia	  	   Regarding	  the	  patients,	  in	  the	  large	  dataset	  there	  were	  also	  included	  the	  patients	  that	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were	  given	  general	  anesthesia	  during	  the	  procedure.	  As	  those	  patients	  will	  be	  undergoing	  a	   completely	   different	   procedure	   from	   the	   ones	   that	  will	   be	   sedated,	   they	  were	   filtered	  from	  the	  study.	   	  Hence,	  our	  study	  will	  only	  focus	  on	  the	  cases	  that	  the	  patient	  is	  sedated.	  This	  is	  done	  because	  we	  are	  trying	  to	  understand	  a	  consistent	  process	  of	  how	  the	  doctors	  treat	  high	  heart	  rates	  (mostly	  because	  of	  pain).	  If	  a	  patient	  is	  given	  a	  General	  Anesthesia,	  he	  will	  not	  suffer	  pain,	  as	  he	  will	  be	  unconscious.	  	   To	  do	   this	   filtering,	  we	  will	   remove	  all	   the	  patients	   that	   include	  one	  of	   the	   following	  events.	  All	  these	  events	  are	  related	  to	  a	  general	  anesthesia	  administration.	  	  Succinylcholine	   Vecuronium	   EndoTrach	  tube/LMA	   Extubation/LMA	  removed	  Neostigmine	   Rocuronium	   Neuromuscular	  reversal	   	  	  
Table	  8.	  Events	  Related	  to	  the	  Administration	  of	  GA	  From	  the	  total	  of	  848	  patients	  that	  were	  in	  the	  dataset,	  71	  of	  them	  were	  given	  general	  anesthesia.	  This	   leaves	  us	  with	  a	   total	  number	  of	  777	  patients	   that	  were	  sedated	  during	  the	   ERCP	   procedure.	   The	   71	   patients	   that	   were	   given	   general	   anesthesia,	   and	   were	  considered	  as	  noise,	  were:	  	  34	   118	   211	   288	   407	   485	   602	   711	   811	  58	   129	   220	   325	   408	   522	   619	   715	   823	  59	   135	   224	   326	   419	   544	   647	   720	   829	  65	   145	   231	   334	   424	   548	   650	   737	   836	  79	   153	   257	   336	   445	   552	   663	   742	   862	  83	   161	   272	   340	   450	   555	   670	   771	   870	  96	   175	   281	   348	   464	   571	   673	   799	   871	  114	   195	   286	   381	   468	   577	   699	   801	   	  	  
Table	  9.	  Patients	  Administered	  General	  Anesthesia	  	  
• Filter	  the	  Book	  Start/End	  Events:	  	  	   Once	   the	  general	  anesthetic	   cases	  are	   filtered,	   there	  are	   some	  procedure	  events	   that	  have	  almost	  the	  same	  medical	  meaning;	  i.e.	  depending	  on	  the	  specialist,	  the	  procedure	  will	  start	  or	  end	  in	  one	  or	  another.	  This	  only	  happens	  in	  the	  large	  dataset.	  In	  the	  small	  dataset	  there	  were	   only	   six	   operation	   event	   classes,	   always	   following	   the	   same	   order.	   Meaning	  that	  in	  the	  large	  dataset	  we	  will	  have	  different	  events	  that	  will	  almost	  mean	  the	  same.	  Also,	  the	   order	   of	   these	   events	   will	   be	   totally	   different	   depending	   on	   which	   patient	   we	   are	  studying.	   If	   we	   do	   not	   filter	   these	   events	   in	   some	   way,	   it	   will	   make	   our	   models	   more	  difficult	  without	  providing	  us	  any	  extra	   information.	  Note	   that	   in	  all	   the	  patients,	  not	  all	  what	   we	   call	   events	   relating	   operation	   steps	   appear,	   so	   we	   will	   have	   to	   discuss	   this	  filtering	   in	  depth.	   In	   the	   following	  chapter,	   in	  which	  we	  will	  discuss	   the	  models,	  we	  will	  show	  the	  different	  models	  relating	  the	  operation	  events	  that	  were	  used	  to	  do	  this	  filtering.	  	   Relating	   the	   different	   start	   events,	  we	  will	   have	   to	   select	   one	   of	   them	   and	   filter	   the	  others.	  After	  consulting	  with	  a	  medical	  specialist,	  the	  Anesthesia	  Start	  was	  chosen.	  So,	  the	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Start	  CompuRecord,	  the	  Patient	  in	  Room,	  the	  Anesthesia	  Induction,	  the	  Anesthesia	  Ready	  and	   the	   Patient	   in	   Position	   events	  were	   filtered.	   A	   similar	   thing	  was	   done	  with	   the	   End	  Events.	  The	  Leave	  Location	  event	  was	  the	  only	  kept,	  and	  the	  other	  end	  events	  that	  have	  a	  similar	   meaning,	   like	   PACU/ICU,	   Record	   continues	   in	   PACU,	   End	   CompuRecord	   or	  Anesthesia	  finish	  were	  filtered.	  	   All	   the	   filtering	  explained	  above	  was	  mainly	  performed	  using	  the	  Filter	   tool	  of	  Excel.	  But	  in	  incoming	  steps	  of	  the	  procedure,	  more	  filtering	  could	  be	  needed.	  To	  execute	  this	  we	  will	  use	  Nitro	  filtering	  tools	  or	  ProM	  plug-­‐ins	  depending	  on	  which	  step	  of	  the	  process	  we	  are.	  	   	  Nitro	   has	   six	   different	   filters,	   allowing	   the	   user	   to	   filter	   the	   data	   by	   variation,	  timeframe,	   performance,	   endpoints,	   attribute	   and	   follower.	   These	   filters	   can	   be	   can	   be	  very	   useful	   while	   seeking	   specific	   models.	   This	   means	   that	   this	   filtering	   will	   be	   useful	  while	  only	  wanting	   to	  model	   the	   logs	   that	   last	   for	  a	   specific	   time	  range	  or	   the	  ones	   that	  start	  or	  end	  in	  a	  specific	  event.	  Even	  though	  we	  used	  them	  while	  applying	  process	  mining	  in	  some	  specific	  cases,	  they	  were	  not	  as	  important	  as	  the	  filtering	  done	  with	  Excel.	  	  The	   last	   filtering	  can	  be	  made	  with	  ProM,	  either	  before	  or	  after	   the	  actual	  mining.	   In	  ProM,	  we	  used	  the	  Filter	  Using	  Heuristic	  Miner.	  This	  filter	  allows	  us	  to	  easily	  choose	  which	  events	  to	  include	  in	  the	  model.	  The	  other	  option	  while	  filtering	  the	  log	  with	  ProM	  was	  the	  Enhanced	  Event	  Log	  filter,	  which	  is	  also	  a	  suitable	  plug-­‐in.	  Nonetheless,	  we	  only	  used	  the	  Filter	  Using	  Heuristic	  Miner.	  	  
Transform	  Waveforms	  Into	  Events	  	  	   Once	  the	  dataset	  was	  filtered,	  it	  was	  time	  to	  face	  the	  most	  important	  challenge	  while	  carrying	  on	  with	  the	  pre-­‐process.	  All	  the	  data	  was	  given	  with	  numerical	  values	  that	  follow	  waveforms.	   But	   this	   data	   was	   not	   suitable	   to	   be	   uploaded	   to	   ProM,	   as	   it	   needs	   events.	  Hence,	  we	  have	  to	  remember	  that	  to	  proceed	  with	  process	  mining,	  the	  creation	  of	  events	  will	  be	  a	  step	  that	  cannot	  be	  skipped.	  	   As	   ProM	   is	   an	   event	   driven	   software,	   numerical	   variables	   should	   be	   converted	   into	  medical	   relevant	   events	   so	   they	   can	   be	   used	   with	   this	   software.	   Not	   all	   the	   numerical	  variables	   were	   converted	   in	   the	   same	   way;	   it	   depended	   on	   the	   inner	   characteristics	   of	  each	  data.	  	  	  
• Bolus	  Drugs	  	  Bolus	   drugs,	   as	   they	   are	   given	   as	   an	   instantaneous	   dosage	   and	   normally	   in	   a	   large	  dosage,	  will	  be	  directly	  translated	  as	  an	  Event,	  without	  considering	  its	  value.	  We	  are	  aware	  that	  we	  are	  missing	  some	  information	  while	  doing	  it,	  but	  otherwise	  we	  would	  create	  too	  many	  event	   classes,	  making	   the	  models	  much	  more	   complex.	  The	   timestamp	  of	   the	  new	  events	  will	  be	  the	  same	  as	  the	  one	  that	  the	  value	  was	  recorded.	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• Infusion	  Drugs	  	   The	   infusion	   drugs	   are	   given	   as	   a	   continuous	   dosage;	   they	   will	   be	   a	   completely	  different	   case.	   In	   the	   dataset,	   the	   infusion	  drugs,	   basically	   propofol,	   are	   recorded	   as	   the	  different	  dosage	  given	  over	  time.	  Hence,	  the	  best	  way	  to	  translate	  these	  dosage	  changing	  values	   into	   events	   will	   be	   to	   create	   events	   such	   as:	   Start	   Inhalation	   Drug,	   Increase	  Inhalation	  Drug,	  Decrease	  Inhalation	  Drug	  and	  End	  Inhalation	  Drug.	  The	  first	  time	  that	  the	  drug	  is	  administered,	  it	  will	  be	  translated	  as	  the	  Start	  event.	  Once	  the	  drug	  is	  given	  to	  the	  patient	  for	  the	  first	  time,	  three	  options	  can	  happen:	  that	  the	  dosage	  is	  increased	  (Increase	  Dosage	  event),	  that	  the	  dosage	  is	  decreased	  (Decrease	  Dosage	  event),	  and	  that	  the	  drug	  is	  no	  longer	  administered	  to	  the	  patient	  (End	  event).	  	  To	  create	  these	  events	  in	  Excel,	  we	  used	  Excel	  Macros.	  These	  Macros	  are	  programmed	  using	  Visual	  Basic.	  All	  the	  programs	  used	  are	  shown	  in	  the	  annex	  of	  the	  thesis.	  	  If	  we	  wanted	  to	  also	  include	  the	  inhalation	  drugs	  in	  the	  study,	  we	  would	  proceed	  with	  the	  same	  methodology.	  	  
• Vital	  Signs	  	   To	  create	  the	  events	  from	  the	  Inhalation	  or	  the	  Bolus	  drugs	  was	  quite	  easy	  compared	  to	  what	  was	  needed	  in	  the	  Vital	  Signs.	  Because	  of	  the	  scope	  of	  our	  thesis,	  we	  will	  only	  need	  to	  translate	  the	  events	  relating	  heart	  rate	  and	  blood	  pressure.	  Nevertheless,	  if	  one	  wanted	  to	  translate	  the	  other	  vital	  signs,	  similar	  procedures	  will	  be	  recommended.	  	  	  	   To	  generate	  the	  events	  from	  the	  new	  database,	  two	  different	  scopes	  can	  be	  accepted.	  These	  scopes	  have	  to	  deal	  with	  the	  fact	  that	  if	  too	  many	  events	  are	  created,	  the	  model	  will	  end	   up	   being	   spaghetti-­‐like.	   Hence,	   we	   will	   have	   to	   think	   about	   rules	   that	   are	   able	   to	  translate	   the	   recorded	   values	   into	   events	   but	   without	   being	   unnecessarily	   precise.	  Otherwise,	  too	  many	  events	  are	  created	  and	  the	  models	  become	  too	  complicated.	  	  	   There	  will	  be	   two	  scopes:	  one	  will	   create	   the	  events	   from	  the	   trend	  of	   the	  recorded	  values	  while	  the	  other	  will	  create	  the	  events	  from	  the	  peaks	  in	  the	  recorded	  values.	  	  
§ Creation	  of	  Events	  From	  the	  Trend	  	   To	   produce	   the	   events	   from	   the	   trends	   of	   the	   vital	   signs,	  we	  will	   have	   to	   propose	   a	  series	  of	  rules.	  	  In	  order	  to	  perceive	  the	  effect	  of	  the	  drugs	  administered,	  the	  vital	  signs	  will	  be	   converted	   into	   Increase/Decrease	   events,	   with	   these	   events	   recorded	   in	   the	  corresponding	   time.	   To	   apply	   these	   rules	   to	   the	   dataset,	   we	   used	   Excel	   Macros.	   The	  programs	  can	  be	  found	  in	  the	  appendix.	  	  In	   the	   previous	   study	   of	   the	   small	   dataset	   [Kaymak	   et	   al.,	   2012],	   to	   identify	   the	  increases	   and	   decreases	   of	   the	   values,	   statistical	  methods	  with	   hypothesis	   testing	  were	  used	   to	   recognize	   significant	  differences	   in	   the	   traces	  of	   these	  groups.	  The	  values	  of	   the	  vital	  signs	  were	  split	   into	  groups	  of	  5	  samples.	  Each	  of	  those	  groups	  was	  compared	  with	  the	   following	   group	   with	   a	   t-­‐test,	   comparing	   the	   mean	   of	   the	   groups.	   There	   are	   three	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hypotheses	   that	   can	   be	   accepted;	   to	   reject	   (increase	   or	   decrease)	   or	   accept	   the	   null	  hypothesis	  (no	  variation	  between	  the	  mean).	  The	  timestamp	  of	  the	  first	  value	  of	  the	  group	  was	  used	  to	  identify	  the	  event.	  	  	  This	  method	  is	  sometimes	  meant	  to	  be	  enough	  to	  start	   the	  analysis	  of	   the	  data,	  even	  though	  previous	  studies	  of	  process	  mining	  in	  medical	  environments	  [Rebuge	  and	  Ferreira,	  2012;	  Mans	  et	  al.,	  2008],	  stated	  that	  in	  order	  to	  achieve	  some	  better	  results,	  methods	  that	  incorporate	  medical	  knowledge	  were	  needed	  in	  the	  pre-­‐process	  of	  the	  clinical	  data.	  As	  we	  will	   focus	   our	   study	   on	   some	   vital	   signs,	   it	  was	   interesting	   to	   check	   if	   the	   values	   of	   the	  events	  relating	   to	   the	  vital	   signs	  studied	   in	  depth	  were	  really	   following	   the	  waveform	  of	  the	   numerical	   values	   recorded.	   To	   do	   so,	   the	   scatterplot	   or	   time	   series	   plot	   of	   all	   the	  patients	   was	   depicted	   using	   Minitab.	   This	   was	   done	   with	   the	   small	   dataset.	   All	   the	  scatterplots	  can	  be	  checked	  in	  the	  appendix.	  Also,	  if	  in	  the	  scatterplots	  probable	  anomaly	  values	  are	  detected,	  a	  boxplot	  graph	  would	  be	  used	  in	  order	  to	  know	  if	  they	  would	  have	  to	  be	  removed	  from	  the	  model	  if	  we	  were	  working	  with	  the	  small	  dataset.	  In	   order	   not	   to	   fail	   in	   achieving	   a	   good	   final	   dataset,	   generic	   rules	   and	   strategic	  decision	  including	  medical	  knowledge	  should	  be	  made.	  	  	  First	   and	   foremost,	   the	   median	   of	   previous	   recorded	   values	   was	   done	   in	   order	   to	  smooth	   the	   peaks.	   As	   seen	   while	   analyzing	   the	   small	   dataset,	   peaks	   can	   have	   a	   major	  impact	  on	  the	  recorded	  values.	  Hence,	  why	  we	  applied	  the	  median	  to	  the	  recorded	  values.	  Other	   options	   as	   to	   apply	   the	   average	   were	   also	   possible,	   but	   it	   was	   agreed	   that	   the	  median	  would	  give	  us	  better	  results.	  	  HEART	  RATE	  	  The	  heart	  rate	  values	  are	  recorded	  every	  15	  seconds,	  so	  there	  will	  be	  many	  recorded	  values.	   To	   have	   an	   increase/decrease	   event,	   there	   should	   be	   a	   consistent	   change	   in	   the	  waveform.	   But,	   how	   can	   we	   measure	   them?	   Many	   valid	   hypotheses	   can	   be	   made;	  nonetheless,	  in	  this	  case,	  we	  decided	  to:	  	  
• Apply	  the	  median	  to	  each	  series	  of	  four	  recorded	  values	  
• The	  timestamp	  of	  the	  event	  will	  be	  at	  the	  first	  value	  of	  the	  series	  
• If	  there	  is	  more	  than	  one	  consecutive	  change,	  there	  will	  be	  as	  many	  events	  as	  the	  consecutive	  changes.	  
• To	  have	  an	  increase/decrease	  event,	  there	  should	  be	  at	  least	  4	  consecutive	  values	  increasing	   or	   at	   least	  with	   the	   same	   value	   as	   the	   previous	   one,	   and	   a	   difference	  between	  the	  extreme	  values	  of	  more	  than	  5	  bpm.	  For	  a	  decrease,	  the	  rule	  will	  be	  exactly	  the	  same,	  but	  obviously	  the	  values	  should	  be	  decreasing.	  	   With	  these	  rules,	  we	  are	  seeking	  that	  the	  heart	  rate	  events	  are	  as	  similar	  as	  possible	  to	  the	  waveforms	  of	  the	  recorded	  values,	  but	  without	  creating	  too	  many	  events.	  	  	  Even	  though	  we	  will	  only	  use	  the	  increase	  events,	  we	  also	  created	  the	  decrease	  events,	  just	  in	  case	  they	  were	  finally	  needed.	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BLOOD	  PRESSURE	  	  Creating	  the	  blood	  pressure	  events	  will	  be	  very	  similar	  to	  those	  of	  the	  heart	  rate.	  First	  of	   all,	  we	  have	   to	   remember	   that	  we	   are	   going	   to	  use	   the	  blood	  pressure	  mean,	   not	   the	  diastolic	  or	  the	  systolic-­‐recorded	  values.	  	  Also,	   there	  will	  be	   fewer	  values	  recorded	  of	   the	  blood	  pressure,	  as	  the	  values	  will	  be	  recorded	  every	  2	  minutes	  and	  thirty	  seconds.	  Hence,	  the	  rules	  have	  to	  be	   less	  restrictive	  with	  the	  number	  of	  consecutive	  recorded	  values	  needed	  to	  create	  the	  event.	  Nevertheless,	  as	  the	  range	  of	  values	  of	  the	  BP	  is	  higher	  than	  those	  of	  the	  HR,	  the	  difference	  between	  the	  extreme	  values	  of	  each	  series	  will	  have	  to	  be	  more	  restrictive.	  	  
• Apply	  the	  median	  to	  each	  series	  of	  3	  values	  
• The	  timestamp	  of	  the	  event	  will	  be	  at	  the	  first	  value	  of	  the	  series.	  
• If	  there	  is	  more	  than	  one	  consecutive	  change,	  there	  will	  be	  as	  many	  events	  as	  the	  consecutive	  changes.	  
• To	  have	  an	  increase/decrease	  event,	  there	  should	  be	  at	  least	  3	  consecutive	  values	  increasing	   or	   at	   least	  with	   the	   same	   value	   as	   the	   previous	   one,	   and	   a	   difference	  between	  the	  extreme	  values	  of	  more	  than	  7	  mmHg.	  For	  a	  decrease,	  the	  rule	  will	  be	  exactly	  the	  same,	  but	  obviously	  the	  values	  should	  be	  decreasing.	  	  	   As	  it	  was	  interesting	  to	  focus	  our	  study	  on	  those	  cases	  that	  the	  patient	  was	  feeling	  pain	  or	  anxiety,	  it	  was	  also	  interesting	  to	  apply	  these	  same	  rules,	  but	  only	  creating	  events	  when	  the	  values	  were	  over	  the	  defined	  thresholds	  for	  the	  HR	  and	  the	  BP.	  	  
§ Creation	  of	  Events	  From	  the	  Peaks	  	  	   After	  talking	  to	  medical	  specialists,	   it	  was	  agreed	  that	  creating	  events	  from	  peaks	  in	  the	  recorded	  values	  to	  define	  the	  vital	  sign	  event	  could	  be	  interesting.	  As	  explained,	   it	  can	  be	  a	   really	  good	   feedback	   for	   the	  specialists	   to	  know	  when	   the	  patients	  are	  not	   in	  a	  normal	  range	  of	  the	  heart	  rate	  or	  the	  blood	  pressure,	  as	  it	  can	  serve	  as	  good	  outcome.	  	  	   We	  defined	  upper	   thresholds	   for	   the	  heart	   rate	   (100bpm)	  and	  also	   for	   the	  blood	  pressure	   (105	   mmHg).	   With	   these	   thresholds,	   we	   applied	   a	   Matlab	   algorithm	   to	   the	  recorded	  values	  that	  automatically	  create	  the	  events.	  To	  correctly	  apply	  this	  algorithm,	  we	  need	   to	   introduce	   some	   parameters.	   For	   instance,	   we	   will	   need	   to	   introduce	   which	  thresholds	  we	  wanted.	  No	   further	   explanation	   about	   this	   algorithm	  will	   be	  made,	   as	  we	  did	  not	  directly	  work	  with	  it	  and	  hence,	  no	  knowledge	  about	  how	  it	  functions	  was	  needed.	  	  	   We	   received	   an	   Excel	   file	   with	   the	   values	   of	   each	   peak,	   the	   timestamp	   and	   the	  patient.	  We	  just	  had	  to	  change	  the	  value	  for	  an	  event	  called	  Peak	  in	  Heart	  Rate	  or	  Peak	  in	  Blood	  Pressure.	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Renaming	  and	  Aggregation	  of	  Events	  	  	   In	  our	  study,	  patients	  were	  administered	  propofol,	  via	  bolus	  or	  via	  infusion.	  At	  the	  end,	  the	  effect	  of	  the	  drug	  did	  not	  differ	  greatly.	  Propofol,	  when	  administered	  as	  a	  bolus,	  was	  directly	  translated	  as	  an	  event,	  but	  if	  it	  was	  administered	  as	  an	  infusion,	  four	  different	  events	  relating	  were	  created.	  This	  makes	  up	  a	  total	  of	  five	  different	  events.	  This	  made	  us	  think	  that	  we	  could	  probably	  aggregate	  the	  propofol	  events	  in	  one,	  to	  simplify	  the	  study	  in	  a	  way	  that	  more	  information	  was	  retained.	  	  	   As	  we	  were	  dealing	  with	   only	   high	  HR	   and	  BP,	   it	  was	   only	   interesting	  when	   the	  propofol	  was	  administered	  or	  the	  dosage	  was	  increasing,	  as	  it	  was	  supposed	  to	  be	  related	  to	   the	   treatment	   of	   high	   values	   of	   these	   vital	   signs.	   Therefore,	   for	   the	   next	   steps	   of	   our	  study	   we	   filtered	   the	   Decrease	   and	   End	   propofol	   events.	   Then,	   we	   aggregated	   the	  remaining	   three	   different	   event	   classes	   in	   order	   to	   have	   only	   one	   propofol	   event.	   The	  name	  of	  this	  event	  will	  just	  be	  propofol.	  We	  were	  aware	  that	  by	  doing	  this,	  there	  would	  be	  many	  propofol	  events,	  but	   it	   is	  also	  true	  that	  propofol	   is	  probably	  the	  most	  used	  drug	  in	  this	  operation.	  We	  performed	  this	  procedure	  with	  Excel.	  	  	  	  	  	  	  	  	  
Figure	  19.	  Aggregating	  Propofol	  Events	  
Clustering	  	  	   As	  discussed	   in	  previous	  points,	   clustering	   the	  data	   is	  one	  of	   the	  key	  steps	  while	  pre-­‐processing	  the	  data.	  Users	  can	  cluster	  many	  different	  event	  classes	  in	  order	  to	  simplify	  the	  final	  models,	  to	  make	  models	  more	  understandable	  and	  with	  higher	  fitness	  levels.	  	  	   In	  our	  study,	  we	  just	  clustered	  the	  different	  drugs	  in	  order	  that	  drugs	  with	  similar	  properties	  relating	  the	  treatment	  of	  pain	  and	  anxiety	  were	  grouped	  together.	  The	  clusters	  were	  explained	  and	  discussed	  in	  the	  literature	  chapter.	  The	  different	  clusters	  were	  created	  using	  the	  Excel	  tool	  Vlookup.	  	   Clustering	   results	   in	   smaller	   portions	   of	   the	   event	   log	   that	   contain	   process	  instances	  that	  are	  more	  similar	  to	  each	  other	  than	  compared	  to	  the	  rest	  of	  the	  event	  log.	  Subsequently,	   these	   independent	   clusters	   can	  be	  used	   for	   additional	   analysis	   or	  process	  mining.	  	   All	   of	   these	   steps	   explained	   were	   the	   most	   important	   ones	   regarding	   the	   pre-­‐processing	  of	   the	  data.	  Obviously,	   there	  will	  be	  more	  steps,	   as	   the	  ones	  explained	   in	   the	  previous	  chapter,	  but	  as	  they	  were	  directly	  applied,	  they	  were	  not	  challenging	  enough	  to	  be	  discussed.	  
Propofol	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  Propofol	  Increase	  Propofol	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4.2 Loading	  the	  Dataset	  in	  ProM	  	   Once	   the	   dataset	   is	   pre-­‐processed,	   and	   the	   recorded	   values	   were	   translated	   into	  events,	   we	   still	   cannot	   use	   it	   straightforward	   with	   ProM,	   as	   an	   event	   log	   is	   needed.	  Therefore,	   we	   will	   have	   to	   convert	   the	   Excel	   file	   into	   a	   suitable	   format	   to	   upload	   with	  ProM.	  	  As	  we	  are	  using	  the	  latest	  version	  of	  ProM	  (ProM	  6.1),	  we	  will	  have	  to	  convert	  the	  .xlsl	  file	  into	  a	  .xes	  file.	  Even	  though	  this	  will	  be	  a	  compulsory	  step	  in	  our	  process,	  we	  will	  not	  want	  to	  spend	  extra	  time	  while	  doing	  it,	  as	  it	  will	  be	  a	  preliminary	  step	  to	  start	  with	  our	  study	   in	   which	   we	   will	   not	   be	   able	   to	   improve	   the	   log.	   The	   time	   should	   be	   consumed	  analyzing	  the	  models,	  not	  filtering	  the	  logs.	  There	  is	  not	  just	  one	  methodology	  to	  do	  it.	  	   Some	  years	   ago	   this	   step	  was	   time	   consuming,	   as	   the	   tools	   to	   convert	   the	  databases	  into	  event	  logs	  demanded	  some	  work.	  One	  option	  was	  to	  save	  the	  Excel	  files	  as	  CSV-­‐files	  (Comma	   Separated	   Values),	   as	   Excel	   enables	   the	   user	   to	   save	   each	   datasheet	   into	   a	  different	  CSV-­‐file.	  	  These	  files	  can	  be	  directly	  uploaded	  to	  ProM.	  However,	  if	  the	  study	  has	  more	   than	  one	  datasheet	  or	   file,	   a	  PHP	  script	   is	  needed	   to	   combine	   the	  different	   sheets.	  This	  PHP	  script	  combines	  the	  different	  patients’	  information	  with	  arrays.	  We	  will	  not	  use	  this	  methodology,	  as	  it	  would	  be	  very	  time	  consuming.	  	  In	   later	   years,	   other	   import	   options	   were	   created.	   If	   one	   was	   working	   with	   older	  versions	   of	   ProM,	   and	   .mxml	   files	   were	   needed,	   the	   best	   choice	   was	   to	   work	   with	   the	  PromImport	   tool,	   included	   in	   ProM.	   This	   was	   a	   huge	   improvement,	   as	   it	   made	   the	  processes	  of	  uploading	  the	  dataset	  much	  easier,	  even	  though	  it	  was	  still	  time	  consuming,	  as	  some	  programming	  with	  Java	  was	  needed.	  In	  the	  last	  version	  of	  ProM,	  one	  can	  choose	  to	  work	  also	  with	   .xes	   files.	  To	  extract	  event	   logs	   into	  this	   format,	   the	  XESsame	  tool	  was	  created.	   It	   also	   improved	   the	   PromImport	   tool,	   as	   no	   knowledge	   of	   Java	  was	   needed	   to	  transform	   the	   dataset.	   These	   two	   tools	   are	   very	   useful	   in	   some	   cases,	   especially	   when	  exporting	  the	  files	  straight	  from	  information	  systems	  such	  as	  SAP.	  	   Nevertheless,	   if	  your	  dataset	   is	  given	   in	  an	  Excel	   file,	   the	  best	  option	   is	   to	  work	  with	  the	  Nitro	   tool,	   created	   by	   Fluixicon.	   This	   software	   is	  meant	   for	   converting	   Excel	   or	   CSV	  files	   into	   standard	   XES	   or	   MXML	   files	   that	   can	   be	   loaded	   directly	   to	   ProM.	   It	   works	   as	  wanted:	  easy	  and	  quick.	  This	  is	  the	  reason	  why	  this	  tool	  was	  chosen	  to	  do	  the	  conversion.	  	  	   First,	  users	  upload	  the	  Excel	   file.	  Then,	   for	  each	  column	  of	   the	   file,	  one	  has	   to	  decide	  which	   are	   used	   and	   what	   information	   is	   on	   the	   column:	   Id	   case,	   activity,	   timestamp,	  resource	   or	   other.	   In	   our	   case,	   we	  will	   use	   the	   id	   for	   the	   column	   that	   contain	   patients’	  identification	  numbers,	  the	  timestamp	  and	  the	  activity	  for	  the	  labels	  of	  each	  event.	  Then,	  the	  conversion	  starts	  and	  users	  can	  chose	  the	  different	  conversion	  options	  (file	  extension,	  anonymize,	   add	   endpoints	   and	   minimize	   file	   size).	   Also,	   during	   this	   stage	   different	  statistics	  about	  the	  log	  can	  be	  checked,	  as	  well	  as	  some	  filtering	  can	  be	  applied	  to	  the	  log.	  To	  finish,	  users	  only	  have	  to	  press	  the	  export	  button.	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In	   later	   versions	   of	   Nitro,	   such	   as	   Nitro	   3.0,	   developers	   added	   two	   export	   features.	  First,	  users	  can	  enable	  the	  add	  endpoints	  options.	  It	  makes	  that	  every	  case	  starts	  and	  ends	  with	   the	   same	   single	   activity.	   This	   is	   the	   same	   as	   using	   the	   ProM	   plug-­‐in	   Add	   artificial	  start/end	   task	   but	  without	   doing	   any	   further	  work.	   Obviously,	   if	   the	   data	   already	   has	   a	  single	  start	  or	  end	  activity,	  it	  will	  not	  change	  a	  thing.	  Another	   important	   export	   feature	   is	   if	   a	   user	   wants	   to	   share	   the	   data	   with	   other	  process	  mining	  experts,	  but	  the	  data	  is	  confidential.	  One	  can	  anonymize	  the	  data	  by	  hiding	  all	  concrete	  data	  in	  your	  log,	  as	  well	  as	  obfuscate	  the	  exact	  timestamps.	  	  Nitro	  is	  not	  only	  an	  outstanding	  tool	  to	  export	  the	  files,	  lately,	  it	  is	  becoming	  more	  and	  more	  useful	  as	  a	  tool	  to	  analyze	  the	  logs,	  providing	  the	  user	  with	  important	  statistics	  about	  the	  event	  log.	  Furthermore,	  it	  can	  help	  with	  the	  pre-­‐processing	  steps	  such	  as	  filtering.	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5.	  RESULTS	  	   Once	   all	   the	   dataset	   is	   ready	   and	   loaded	   into	   ProM,	   it	   is	   finally	   time	   to	   create	   the	  models.	   During	   the	   realization	   of	   this	   master	   thesis,	   we	   created	   hundreds	   of	   different	  models,	  while	  seeking	  the	  most	  suitable	  scope	  and	  also	  which	  pre-­‐processing	  steps	  were	  finally	  needed.	  	  	   First,	  we	  created	  models	  relating	  to	  the	  small	  dataset.	  These	  models	  were	  used	  to	  get	  insights	  of	  what	  we	  wanted	  to	  achieve	  while	  working	  with	  the	  large	  dataset.	  Therefore,	  we	  will	  not	  discuss	  them	  in	  this	  thesis,	  as	  the	  results	  were	  not	  very	  interesting.	  These	  studies	  were	  already	  performed	  [Kaymak	  et	  al.,	  2012],	  without	  interesting	  final	  results	  regarding	  these	  models.	  	   Then,	  we	  started	  working	  with	  the	  large	  dataset.	  At	  first,	  the	  models	  produced,	  as	  the	  pre-­‐processing	  steps	  applied	  were	  not	  very	  successful,	  were	  not	  very	  promising,	  as	  most	  of	  them	  were	  spaghetti-­‐like	  models.	  Little	  by	  little,	  gaining	  knowledge	  about	  the	  process,	  we	  narrowed	  down	  the	  scope	  to	  what	  we	  finally	  wanted	  to	  achieve.	  We	  knew	  it	  would	  be	  extremely	  hard	  to	  get	  good	  exploratory	  models,	  as	  previous	  studies	  failed	  to	  achieve	  their	  goals.	  Nevertheless,	  we	  tried	  very	  hard	  to	  achieve	  good	  results.	  	   All	   the	  models	  discussed	  were	  previously	  pre-­‐processed	  with	   the	  steps	  explained	   in	  previous	  chapters.	  This	  means	  that	  we	  will	  only	  take	  into	  account	  the	  patients	  that	  were	  sedated;	  the	  patients	  that	  were	  given	  general	  anesthesia	  were	  filtered.	  Also,	  the	  operation	  events	  used	  will	  be	  the	  ones	  chosen	  while	  pre-­‐processing	  the	  data	  (except	  for	  the	  cases	  in	  which	  it	  is	  specified).	  	  	   Regarding	   the	  Heuristic	  Miner	  parameters,	   in	  all	   the	   studies	  we	  will	  use	   the	  default	  values,	  as	  they	  are	  good	  enough	  for	  the	  development	  of	  the	  study.	  As	  an	  extra	  part	  of	  the	  study,	  we	  discussed	  the	  Heuristics	  Miner	  parameters	  with	  some	  of	  models.	  	   Once	  the	  Heuristic	  Miner	  is	  applied	  to	  the	  event	   log,	  ProM	  draws	  the	  Heuristics	  Net.	  As	  we	  said,	  because	   it	  shows	  additional	   information,	  we	  will	  use	   the	  Heuristics	  Net	  with	  Annotations.	   But	   when	   trying	   to	   export	   it,	   we	   faced	   many	   problems.	   There	   are	   many	  options	  to	  export	  the	  drawn	  model,	  but	  none	  of	  them	  showed	  the	  model	  correctly.	  This	  is	  why	  we	   used	   a	   program	   to	   draw	   the	  model.	   There	  were	   several	   options,	   but	  we	   chose	  SmartDraw	  2012,	  as	   it	  was	   the	   tool	  we	  had	  available.	  Hence,	  all	   the	  models	   that	  we	  will	  discuss	  are	  drawn	  with	  this	  program.	  	   As	  we	  will	   study	   the	  high	  values	  of	  heart	   rate	  and	  blood	  pressure,	  we	  will	  have	   the	  same	  base	  for	  all	  of	  them:	  the	  clustered	  drugs	  and	  the	  filtered	  events.	  And	  then,	  depending	  on	  which	  model	  we	  want	  to	  draw,	  we	  will	  add	  the	  corresponding	  vital	  sign	  events.	  	  	   Once	   the	   vital	   sign	   events	   are	   created,	   either	   with	   the	   trend	   or	   with	   peaks,	   these	  events	  were	  added	  to	  the	  clustered	  drugs	  and	  operation	  events.	  As	  not	  all	  the	  patients	  will	  have	   these	  created	  vital	   sign	  events,	  we	  will	  have	   to	   filter	  all	   the	  data	   in	  order	   that	  only	  patients	  that	  have	  at	   least	  an	  event	  relating	  to	  the	  vital	  sign	  studied	  will	  be	  added	  to	  the	  study.	  Filtering	  these	  patients	  will	  be	  time	  consuming,	  as	  we	  did	  it	  by	  hand	  using	  the	  Excel	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Filter	   tool.	  Nevertheless,	   in	   our	  opinion,	   it	  was	  necessary	   for	   the	   accuracy	  of	   the	  model.	  Otherwise,	   there	  would	  be	  many	  cases	   in	  which	   there	  will	  not	  be	  any	  event	   relating	   the	  vital	  signs,	  making	  the	  resulting	  model	  useless.	  	   We	  will	  not	  only	  create	  models	  in	  order	  to	  explain	  the	  reaction	  to	  the	  doctors	  to	  the	  different	   vital	   signs.	  To	   start	  with	   the	   study,	  we	  will	   analyze	  models	   in	  order	   to	  help	  us	  with	   pre-­‐processing	   steps.	   For	   instance,	   as	   would	   like	   to	   filter	   some	   of	   the	   operation	  events	  that	  will	  not	  be	  medically	  relevant,	  we	  wanted	  to	  prove	  that	  this	  filtering	  was	  done	  correctly.	  Then,	   right	  before	  we	  mined	   the	  heart	   rate	  and	  blood	  pressure	  models,	   it	  was	  interesting	  to	  carry	  out	  a	  brief	  discussion	  about	   the	  parameters	   that	   the	  Heuristic	  Miner	  needs	  as	  an	  output.	  	  	  	   Later,	  the	  actual	  models	  for	  blood	  pressure	  and	  heart	  rate	  were	  drawn.	  We	  will	  study	  three	  different	  models	  per	  vital	  sign,	  two	  with	  events	  created	  with	  the	  trend	  (all	  of	  them	  and	   only	   the	   ones	   with	   a	   value	   higher	   than	   the	   defined	   threshold)	   and	   one	   with	   the	  created	  peak	  events.	  After	  creating	  the	  models	  of	  BP	  and	  HR	  separately,	  we	  thought	  it	  was	  interesting	   to	   develop	   models	   mixing	   both	   the	   BP	   and	   HR	   events	   and	   see	   if	   any	   extra	  relation	  could	  be	  explained.	  	   To	   finish	   with	   the	   study,	   it	   also	   was	   interesting	   to	   summarize	   all	   the	   conclusions	  achieved	  from	  studying	  the	  models.	  Also,	  while	  carrying	  out	  the	  study,	  some	  doubts	  arise	  about	  what	  the	  algorithm	  was	  really	  saying	  to	  us	  when	  the	  Heuristics	  Net	  was	  shown.	  For	  this	  reason,	  we	  went	  back	  and	  filtered	  most	  of	  the	  events	  from	  one	  of	  the	  studied	  models,	  just	  to	  reassure	  ourselves	  that	  we	  fully	  understood	  the	  model.	  	   We	  thought	  that	  showing	  the	  case	  that	  occurs	  in	  a	  higher	  percentage	  of	  times	  in	  the	  log	  as	  an	  example	  of	  an	  event	  log	  of	  each	  model	  discussed,	  could	  be	  interesting	  to	  have	  an	  idea	  the	  behavior	  of	  the	  log.	  	  	   While	   discussing	   the	   conformance	   of	   each	  model,	  we	  will	   focus	   on	   the	   fitness	   value	  and	  if	  it	  is	  medically	  correct.	  Achieving	  high	  fitness	  values	  is	  always	  difficult	  while	  dealing	  with	  models	  from	  medical	  processes.	  For	  us,	  a	  model	  will	  have	  a	  good	  fitness	  if	  the	  value	  is	  higher	   that	   0.5.	   Obviously,	   this	   value	   will	   serve	   as	   a	   threshold	   in	   order	   to	   know	   if	   the	  results	  shown	  are	  consistent	  or	  not.	  	  
5.1 Preliminary	  Models	  	   These	   preliminary	   models	   will	   help	   us	   better	   understand	   the	   algorithm’s	   output	  (Heuristics	  Net)	  and	  also	  to	  better	  perform	  the	  pre-­‐processing	  steps.	  	   To	   start	   with,	   it	   was	   interesting	   to	   get	   an	   idea	   of	   all	   the	   events	   that	   refer	   to	   the	  different	   steps	   of	   the	   operation.	   As	   explained	   during	   the	   data	   transformation	   chapter,	  many	   of	   these	   events	   will	   basically	   have	   a	   similar	   meaning,	   with	   their	   order	   being	  different	  mainly	  due	   to	   the	  doctor’s	   choice.	  Also,	   these	  events	   sometimes	  have	   the	  same	  timestamp,	   leading	   to	   a	   concurrency	   problem.	  By	   having	   different	   events	  with	   a	   similar	  meaning,	  without	   adding	   any	   additional	   important	   information	   to	   the	   final	  models,	  will	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just	  make	  the	  models	  more	  complicated,	  it	  was	  agreed	  that	  filtering	  some	  of	  these	  events	  was	  the	  best	  answer	  to	  this	  problem.	  Basically	  we	  will	  filter	  the	  events	  that	  can	  be	  related	  to	  the	  start	  and	  the	  end	  of	  the	  operation.	  	  	  We	   first	  created	  a	  model	  adding	  all	   the	  events	   that	  are	   linked	  with	  different	  steps	  of	  the	  anesthesia	  care	   in	   the	  ERCP.	  Note	   that	   the	  events	   that	   indicate	   the	  administration	  of	  General	   Anesthesia	   do	   not	   appear.	  When	   creating	   the	   event	   log	  with	  Nitro,	  we	   can	   also	  check	  the	  duration	  of	   the	  entire	  procedure.	  The	  shortest	  case	  only	   lasted	   for	  18	  minutes	  and	  54	  seconds,	  while	  the	  longest	  procedure	  lasted	  for	  6	  hours	  and	  48	  minutes.	  As	  one	  can	  see,	  the	  fitness	  value	  of	  this	  model	  is	  very	  high.	  	   	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  20.	  Model	  with	  All	  the	  Events	  The	  following	  figure	  shows	  the	  variant	  of	  the	  log	  that	  occurs	  in	  a	  higher	  percentage	  of	  times.	  This	  one	  appears	  35,78%	  in	  the	  log,	  and	  had	  the	  following	  sequence	  of	  events:	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  21.	  Variant	  of	  the	  Log	  As	   stated	   in	   the	  previous	   chapter,	   from	   this	  model	  we	  decided	   to	   filter	   some	  of	   the	  operation	   events	   that	   will	   not	   be	   clinically	   significant	   in	   order	   to	   simplify	   the	   model,	  always	  trying	  not	  to	  miss	  important	  information.	  	  We	  will	  choose	  only	  one	  event	  that	  will	  be	  the	  one	  marking	  the	  start	  of	  the	  operation,	  Anesthesia	  Start.	  The	  decision	  of	  choosing	  this	   event	   and	   not	   another	   was	   made	   both	   under	   a	   medical	   perspective	   and	   modeling	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perspective,	  as	   it	  was	   the	   first	  event	  of	   the	   log	   in	  many	   times.	  This	   last	   reason	  was	  very	  important,	  as	  we	  wanted	  that	  this	  first	  event	  could	  capture	  the	  relation	  between	  the	  start	  of	  the	  procedure,	  the	  drugs	  given	  and	  if	  there	  were	  vital	  sign	  events	  at	  the	  very	  beginning.	  For	   instance,	   while	   checking	   the	   small	   dataset,	   we	   realized	   that	   in	  many	   cases,	   anxiety	  drugs,	  mostly	  midazolam,	   are	   administered	  before	   the	  procedure	   starts,	   and	  hence,	   also	  before	  the	  vital	  signs	  are	  recorded.	  This	  problem	  will	  be	  analyzed	  deeply	  while	  discussing	  future	  improvements	  of	  the	  study.	  	   Something	   similar	   was	   done	   while	   choosing	   the	   event	   that	   marked	   the	   end	   of	   the	  procedure.	  In	  this	  case,	  we	  chose	  Leave	  Location,	  even	  though	  it	  was	  the	  first	  event	  that	  is	  related	   to	   the	   end	   of	   the	   procedure.	   This	   decision	   was	   made	   mostly	   under	   a	   medical	  perspective,	  as	  the	  main	  target	  of	  the	  study	  was	  to	  capture	  the	  reaction	  of	  the	  doctors	  in	  the	  operation	  room	  and	  not	  after	  the	  patients	  leaves	  it.	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  
	   	  
	   	   	   Figure	  22.	  Filtering	  the	  Start	  and	  End	  Operation	  Events	  Another	  discussion	  was	  carried	  out	  relating	  to	  what	  to	  do	  with	  Time	  Out.	  In	  medicine,	  Time	  Out	  indicates	  when	  before	  the	  procedure	  starts,	  the	  doctors	  meet	  and	  check	  that	  all	  the	   pre-­‐operation	   is	   correct	   and	   the	   patient	   does	   not	   have	   any	   problems.	   At	   the	   end,	  adding	  or	  removing	  this	  event	  did	  not	  cause	  any	  real	  change	  in	  the	  process.	  At	  the	  end,	  it	  was	  decided	  that	  we	  would	  keep	  it.	  	   Once	  it	  was	  clear	  which	  events	  were	  filtered,	  the	  model	  with	  the	  resulting	  events	  was	  created.	  The	   fitness	  of	   this	  model	   is	  even	  higher.	  By	  checking	   this	  model,	  we	  can	  realize	  that	   from	  the	  777	  remaining	  patients,	  not	  all	  of	   them	  will	  have	  all	   the	  procedure	  events.	  However,	   it	   is	   not	   something	   that	   we	   can	   fix,	   as	   these	   events	   come	   directly	   from	   the	  recorded	  dataset.	  Nevertheless,	  this	  issue	  will	  not	  affect	  much	  to	  the	  accuracy	  of	  our	  study.	  	  	  	  	  	  	  	  
Anesthesia	  Start	  Start	  CompuRecord	  Patient	  in	  Room	  Anesthesia	  Induction	  Anesthesia	  Ready	  Position/Prep	  Start	  	  
Anesthesia	  Start	  
Leave	  Location	  Anesthesia	  Finish	  Record	  Continue	  in	  PACU	  PACU/ICU	  End	  CompuRecord	   Leave	  Location	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Figure	  23.	  Model	  Created	  With	  the	  Resulting	  Events	  In	  this	  model	  we	  can	  see	  that	  there	  is	  no	  Start	  event,	  even	  though	  it	  was	  supposed	  to	  be	  created.	  This	  happens	  because	  all	  the	  logs	  begin	  with	  the	  same	  event	  (Anesthesia	  Start),	  and	  so	  when	  the	  artificial	  events	  are	  created	  with	  Nitro,	  the	  artificial	  start	  event	  is	  directly	  not	  created.	  	  
	  
5.2 	  Parameters	  Study	  	   Before	  starting	  to	  create	   the	   final	  models	  regarding	  heart	  rate	  and	  blood	  pressure,	   it	  was	   important	   to	  know	  which	  Heuristic	  Miner	  parameter	  values	  were	   the	  most	   suitable	  for	   our	   study.	   As	   explained	   in	   the	   literature	   part,	   there	   are	   no	   optimal	   values	   for	   the	  parameters.	  Hence,	  a	  brief	  discussion	  about	  which	  parameters	  will	  be	  used	  was	  essential.	  	   To	  do	  so,	  we	  will	  take	  one	  of	  the	  models	  discussed	  in	  our	  thesis	  and	  we	  will	  apply	  to	  the	  log	  the	  three	  different	  possible	  parameters	  values.	  	  	   Notice	  that	  we	  will	  always	  have	  the	  all	  task	  connected	  enabled,	  basically	  because	  we	  want	  to	  keep	  all	   the	  events	   in	  the	  model	  connected.	  We	  previously	  filtered	  the	  data	  with	  the	   events	   that	   were	   not	   relevant,	   so	   we	   do	   not	   want	   to	   use	   the	  mining	   to	   filter	   more	  events.	  	  
• Option	  1:	  Default	  Parameters	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  24.	  Default	  Parameters	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• Option	  2:	  Parameters	  Recommended	  by	  Ton	  Weijters	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  25.	  Recommended	  Parameters	  by	  Ton	  Weijters	  
• Option	  3:	  Parameters	  Studies	  in	  the	  Heuristics	  Miner	  User’s	  Guide	  (more	  tolerant	  parameters)	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  26.	  Parameters	  Recommended	  in	  User’s	  Guide	  To	   proceed	   with	   the	   discussion,	   we	   will	   use	   one	   of	   the	   models	   studied.	   We	   could	  choose	  any	  of	   them,	  but	  we	  tried	  to	  choose	  one	  that	  had	  an	  acceptable	   fitness	  value	  and	  also	  plenty	  of	  patients.	  Finally,	  the	  model	  of	  the	  HR	  with	  events	  created	  with	  the	  trend	  was	  chosen.	  	  First,	  we	   realized	   that	   there	  was	  no	  difference	  between	   the	  models	  drawn	  with	   the	  first	  and	  second	  options.	  We	  know	  that	   this	  will	  not	  always	  happen,	  but	   if	   in	  one	  of	  our	  models	  there	  is	  not	  even	  a	  difference,	  it	  meant	  that	  very	  few	  variations	  in	  the	  other	  models	  regarding	  these	  two	  different	  parameters	  approaches	  would	  be	  appreciated.	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Figure	  27.	  Model	  with	  Default	  and	  Recommended	  Parameters	  by	  Ton	  Weijters	  Then,	   the	  model	  with	   the	  more	   tolerant	  parameters	  was	   created.	  These	  parameters	  will	   make	   that	   the	   model	   drawn	   shows	   more	   low	   frequent	   behavior	   and	   also	   extra	  connections	  that	  were	  not	  seen	  with	  the	  previous.	  	  	   	   	  	   	  	  	  	  	  	  	  	  	  	  	  	  
	  
Figure	  28.	  Model	  with	  Parameters	  Defined	  in	  Option	  3	  	  As	   we	   can	   see,	   by	   setting	   these	   parameters	   the	   models	   become	   more	   complicated;	  however,	  no	  more	  important	  information	  is	  drawn.	  Also,	  the	  fitness	  value	  is	  lower,	  so	  the	  quality	  of	  the	  model	  is	  lower.	  	   We	   decided	   that	  we	  would	   finally	   use	   the	   default	   parameters.	  We	   know	   that	   it	   will	  probably	  not	  be	   the	  optimal	   choice	   in	   each	   specific	  model,	   but	   it	  will	   be	   extremely	   time	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consuming	  to	  try	  to	  set	  the	  best	  parameters.	  Also,	  a	  more	  in	  depth	  study	  of	  the	  parameters	  would	   not	   fit	   in	   the	   scope	   of	   our	   thesis,	   as	   we	   think	   that	   a	   complete	   discussion	   is	  necessary.	  
5.3 Heart	  Rate	  Models	  	  
	  Once	   it	  was	  clear	  which	  events	  were	   included,	   the	  parameters	  used	  and	  the	  whole	  dataset	   was	   correctly	   pre-­‐processed,	   it	   was	   time	   to	   start	   creating	   the	  models.	   The	   first	  model	   to	  be	  drawn	  will	  be	   the	  one	  explaining	  how	  the	  doctors	  deal	  with	  high	  heart	  rate	  values.	  	  We	  will	  create	  three	  different	  events	  from	  the	  recorded	  values	  from	  the	  heart	  rate:	  	  	  
• Heart	  Rate	  Event	  with	  Trend	  	  First,	  we	   studied	   the	  models	  with	   the	   heart	   rate	   events	   created	   following	   the	   trend	  rules.	   There	   were	   650	   patients	   that	   had	   at	   least	   a	   high	   heart	   rate	   event,	   with	   a	   total	  number	  of	   2109	   “Increase	   in	  Heart	  Rate”	   events.	  The	   fitness	  of	   this	  model	   is	  more	   than	  acceptable.	  Probably	  too	  many	  heart	  rate	  events	  were	  created,	  as	  these	  events	  make	  up	  to	  the	  35	  %	  of	  the	  total	  events.	  	   	  	  
	  
Figure	  29.	  Model	  of	  Heart	  Rate	  Trend	  Events	  First	  of	  all,	  we	  can	  see	  that	  in	  the	  model	  no	  direct	  relation	  between	  the	  administration	  of	   any	   of	   the	   three	   clusters	   of	   drugs	   and	   the	   heart	   rate	   events	   is	   showed.	   This	   is	   quite	  disappointing,	  as	  we	  expected	  to	  find	  some	  relation.	  	  	  However,	  we	  can	  extract	  some	  valuable	  information	  from	  this	  model.	  We	  can	  see	  that	  the	  anxiolytics	  are	  administered	  at	   the	  very	  beginning	  of	   the	  procedure,	  even	  before	   the	  anesthesia	  starts.	  Right	  after	  the	  administration	  of	  anxiolytics,	  the	  analgesics	  are	  given	  to	  the	  patient.	  This	  is	  what	  we	  expected,	  as	  anxiety	  is	  more	  likely	  to	  appear	  at	  the	  beginning	  of	   the	   procedure,	   as	   patients	   are	   not	   sedated,	   while	   they	   normally	   feel	   pain	   when	   the	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actual	  procedure	  is	  happening.	  Also,	  beta-­‐blockers	  are	  administered	  in	  parallel	  during	  this	  time,	  as	  they	  will	  treat	  different	  symptoms.	  	  	  Also,	  we	  can	  see	  that	  in	  many	  cases,	  more	  than	  one	  type	  of	  drug	  is	  administered	  to	  the	  patient	  right	  after	  the	  same	  type	  has	  been	  given.	  This	  can	  explain	  that	  the	  doctors	  will	  give	  the	  same	  drug	  more	  than	  one	  time	  continuously	  to	  achieve	  the	  desired	  effect.	  	  The	  increases	  in	  heart	  rate	  events	  appear	  between	  the	  start	  of	  the	  anesthesia	  until	  the	  patient	  leaves	  the	  operation	  room.	  First,	  we	  can	  say	  that	  these	  increases	  in	  the	  heart	  rate	  values	  will	  not	  mostly	  be	  due	  to	  anxiety,	  as	  this	  feeling	  normally	  occurs	  at	  the	  beginning	  of	  the	   procedure.	   Also,	   we	   realized	   that	   while	   the	   administration	   of	   analgesics	   and	   beta-­‐blockers	   lasts	  until	   the	  procedure	   is	   finished,	   the	   increases	   in	  heart	  rate	  events	  continue	  until	   the	   patient	   leaves	   the	   location.	   This	   is	   because	   when	   the	   effects	   of	   the	   drugs	   are	  decreasing	   in	   the	  patient,	   and	  hence,	  patients	  will	   start	   to	   feel	  pain	  when	   the	   surgery	   is	  finished.	   Also	   the	   increase	   events	   are	   likely	   to	   be	   one	   after	   the	   other,	   without	   a	   clear	  response	  from	  the	  doctor.	  	  In	  conclusion,	  we	  can	  check	  the	  case	  that	  occurs	  the	  most	  times	  in	  the	  event	  log.	  Here	  we	   can	   see	   that	   the	   doctor	   administers	   the	   analgesic	   at	   the	   beginning	   of	   the	   operation,	  while	  there	  is	  an	  Increase	  In	  Heart	  Rate	  during	  the	  surgery,	  which	  is	  not	  followed	  by	  the	  administration	  of	  any	  of	  the	  drugs	  used	  to	  treat	  it.	  	  	  	  	  	  	  	  	  	  	  
Figure	  30.	  Variant	  of	  the	  Log	  	  
• Heart	  Rate	  Event	  with	  Trend	  and	  Threshold	  	   In	  the	  previous	  study,	  we	  created	  all	  the	  events	  with	  trend	  rules,	  no	  matter	  if	  the	  value	  of	  the	  event	  was	  higher	  or	  lower	  than	  the	  defined	  threshold,	  which	  for	  high	  heart	  rate	  is	  100	  bpm.	  This	  is	  why	  we	  wanted	  to	  filter	  these	  events,	  only	  adding	  to	  the	  study	  the	  events	  with	  a	  value	  higher	   than	   the	   threshold.	  Only	  84	  patients	  have	  at	   least	   an	   increase	  event	  with	  a	  value	  higher	  than	  100	  bpm,	  with	  a	  total	  number	  of	  Increase	  in	  Heart	  Rate	  events	  of	  189.	  This	  is	  because	  the	  median	  of	  the	  four	  previous	  values	  was	  done	  to	  smooth	  the	  peaks,	  not	  many	   values	   of	   the	  median	  were	   over	   100	   bpm.	   Nevertheless,	   it	  was	   interesting	   to	  carry	  out	  this	  study,	  as	  it	  mixes	  the	  concepts	  of	  the	  threshold	  and	  the	  trend.	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Figure	  32.	  Variant	  of	  the	  Log	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• Heart	  Rate	  Events	  with	  Peaks	  
	  When	   analyzing	   the	   models	   created	   with	   the	   trend,	   there	   was	   no	   direct	   relation	  between	  the	  administration	  of	  one	  of	  the	  cluster	  of	  drugs	  and	  the	  high	  values	  of	  heart	  rate.	  These	   were	   the	   first	   models	   created.	   Then,	   it	   was	   agreed	   that	   probably	   a	   scope	   more	  related	   to	   the	   defined	   thresholds	   for	   the	   high	   heart	   rate	   values	   could	   also	   be	   very	  interesting.	   This	   is	  when	  we	   thought	   that	   the	   best	  way	   to	   capture	   these	  high	  heart	   rate	  events	  could	  be	  with	  the	  peaks	  in	  the	  recorded	  values.	  	  Obviously,	  to	  know	  which	  were	  the	  peaks	  used	  to	  create	  the	  events	  was	  not	  an	  easy	  task.	  A	  Matlab	  algorithm,	  specifically	  designed	  for	  these	  situations	  was	  recommended.	  We	  used	  it	  for	  both	  creating	  the	  peak	  for	  the	  heart	  rate	  and	  the	  blood	  pressure.	  This	  algorithm	  does	  not	   create	   the	  peaks	  automatically.	   Some	  parameters	  must	  be	   introduced.	  Defining	  the	   thresholds	  will	  be	   the	  most	   important.	  As	  we	  will	  not	  use	   this	  algorithm	  directly,	  no	  further	  discussion	  about	  it	  will	  be	  held.	  	   Once	  the	  peaks	  were	  created,	  it	  was	  time	  to	  mine	  the	  log.	  Only	  326	  of	  the	  patients	  had	  at	  least	  one	  peak	  in	  heart	  rate,	  with	  a	  total	  number	  of	  peaks	  of	  2121.	  This	  means	  that	  each	  of	   the	  patients	  will	  have	  a	  mean	  of	  6,5	  peak	  events.	  This	  number	  will	  most	   likely	  be	   too	  many	  events	  per	  patient.	  Some	  of	  these	  peaks	  could	  be	  filtered	  in	  some	  way.	  However,	  as	  we	  could	  not	  work	  with	  the	  algorithm	  directly,	  we	  carried	  out	  the	  study	  with	  this	  amount	  of	  peaks.	   	  
	   	  
Figure	  33.	  Model	  of	  Heart	  Rate	  Peak	  Events	  This	  model	  has	  a	  similar	  fitness	  value	  to	  the	  first	  one,	  so	  it	  has	  a	  high	  value	  for	  being	  a	  medical	  process.	  Nonetheless,	  even	  with	  the	  creation	  of	  the	  peaks,	  no	  relation	  between	  the	  peaks	  in	  the	  heart	  rate	  and	  the	  administration	  of	  drugs	  was	  drawn	  in	  the	  model.	  In	  almost	  all	  the	  cases,	  the	  peaks	  in	  the	  heart	  rate	  occur	  one	  after	  the	  other,	  without	  the	  response	  of	  the	  doctor.	  This	  behavior	  was	  also	  noticed	  in	  the	  models	  with	  the	  events	  created	  from	  the	  trend,	  but	   in	   this	  case	   it	   is	  more	  severe.	  Also,	   the	  peaks	   in	  heart	  rate	  can	  occur	  until	   the	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patient	   leaves	   the	   OR,	   while	   the	   drugs	   are	   only	   administered	   until	   the	   procedure	   is	  finished.	  	  In	  this	  model,	  the	  anxiolytics	  are	  also	  administered	  at	  the	  beginning	  of	  the	  procedure,	  even	  before	  the	  anesthesia	  starts.	  What	  was	  interesting	  in	  this	  model	  is	  that	  the	  anxiolytics	  are	  followed	  by	  the	  administration	  of	  beta-­‐blockers.	  	  As	  seen	  in	  the	  previous	  models	  we	  can	  also	  realize	  that	  the	  administration	  of	  one	  drug	  is	  normally	  followed	  by	  the	  administration	  of	  a	  drug	  of	  the	  same	  cluster.	  






Figure	  34.	  Variant	  of	  the	  Log	  
5.4 	  Blood	  Pressure	  Models	  
	  After	   analyzing	   how	   the	   doctors	   deal	   with	   heart	   rate	   increases	   and	   peaks,	   it	   was	  interesting	  to	  also	  know	  the	  reaction	  to	  events	  relating	  to	  blood	  pressure.	  As	  explained,	  we	  will	  use	  the	  recorded	  values	  of	  the	  mean	  of	  the	  blood	  pressure,	  as	  they	  are	  the	  ones	  that	  can	  give	  us	  better	  insights	  of	  the	  variations	  of	  the	  blood	  pressure	  levels.	  	  	  	  	  When	   analyzing	   the	   effects	   of	   pain	   and	   anxiety	   in	   an	   operation,	   the	  most	   important	  output	  for	  the	  doctor	  will	  be	  to	  know	  the	  heart	  rate	  values	  of	  the	  patient.	  Nonetheless,	   it	  can	   also	   be	   interesting	   to	   know	  how	   the	   doctor	   reacts	  when	   the	   patient	   has	   high	   blood	  pressure	  values,	  as	  it	  can	  also	  be	  related	  to	  pain	  and	  anxiety.	  	  
• Blood	  Pressure	  Events	  with	  Trend	  	   As	  we	  did	  with	  the	  study	  of	  the	  heart	  rate,	  we	  will	  start	  by	  analyzing	  the	  model	  drawn	  from	  the	  event	  created	   from	  applying	   the	   trend	  rules	   to	   the	  dataset.	  465	  patients	  had	  at	  least	   an	   increase	   in	   blood	  pressure	   event,	  with	   a	   total	   number	  of	   465	   Increase	   in	   blood	  pressure	  events.	  This	  means	  that	  only	  one	  event	  per	  patient	  will	  be	  created.	  This	  is	  mainly	  because,	  in	  blood	  pressure,	  the	  values	  are	  recorded	  every	  2:30	  minutes.	  	  While	   designing	   the	   rules	   to	   create	   the	   events,	  we	  were	   aware	   that	   there	  were	   less	  values	  recorded,	  and	  we	  were	  expecting	  less	  events	  compared	  to	  the	  one	  created	  with	  the	  HR.	  Nevertheless,	  the	  number	  of	  events	  finally	  created	  is	  not	  lower	  than	  expected.	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Figure	  36.	  Variant	  of	  the	  Log	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• Blood	  Pressure	  Events	  with	  Trend	  and	  Threshold	  
	   With	  the	  BP,	  we	  also	  wanted	  to	  check	  if	  with	  just	  adding	  the	  trend	  events	  with	  a	  value	  higher	  than	  the	  threshold,	  which	  is	  105	  mmHg	  for	  the	  BP.	  Only	  31	  patients	  had	  an	  event,	  with	  a	   total	  number	  of	  events	  of	  32.	  So,	  one	  patient	  had	   two	   Increase	   in	  Blood	  Pressure	  events.	  	  	   	  
	  
Figure	  37.	  Model	  of	  Blood	  Pressure	  Trend	  and	  Threshold	  Events	  The	  fitness	  level	  of	  this	  model	  is	  much	  higher	  than	  the	  previous	  one,	  basically	  because	  the	  number	  of	  events	  is	  much	  lower,	  making	  the	  log	  simpler,	  with	  fewer	  cases.	  When	  the	  Increase	  in	  Heart	  Rate	  events	  were	  filtered	  with	  the	  trend,	  the	  fitness	  value	  of	  the	  model	  decrease,	  while	   in	   this	  model,	   it	   increased.	  This	   is	  because	  not	  always	  while	   filtering	   the	  log,	  we	  make	  it	  simpler.	  If	  many	  different	  cases	  remain	  in	  the	  log,	  but	  with	  fewer	  events,	  the	  fitness	  value	  will	  decrease.	  That	  was	  what	  happened	  in	  the	  heart	  rate	  model.	  	   In	   this	   model,	   even	   though	   no	   direct	   relation	   between	   the	   administration	   of	   beta-­‐blockers	  and	  the	  increases	  in	  blood	  pressure	  are	  related,	  as	  they	  are	  given	  simultaneously	  between	  the	  procedure	  starts	  and	  end.	  We	  are	  aware	  that	   it	  does	  not	  directly	  mean	  that	  they	  will	  be	  related,	  but	  we	  can	  somehow	  relate	  the	  administration	  of	  beta-­‐blockers	  and	  the	  increase	  in	  blood	  pressure.	  	  	   To	  finish	  with	  this	  model,	  we	  will	  show	  a	  case	  in	  the	  log	  shown	  in	  Figure	  38.	  	  	  	  	  	  	  	  	  
Figure	  38.	  Variant	  of	  the	  Log	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• Blood	  Pressure	  Events	  with	  Peaks	  
	   To	  finish	  with	  the	  study	  of	  the	  BP,	  the	  data	  containing	  the	  peaks	  in	  blood	  pressure	  was	  mined.	  A	   total	  number	  of	  358	  patients	  had	  at	   least	  a	  peak	  event,	  with	  a	   total	  number	  of	  680	  peak	  events.	  The	  number	  of	  created	  peak	  events	  is	  optimal	  under	  our	  perspective.	  
	  
	  
Figure	  39.	  Model	  of	  Blood	  Pressure	  Peak	  Events	  This	  study,	  even	  though	  it	  has	  an	  acceptable	  fitness	  value,	  does	  not	  give	  us	  insights	  of	  the	  response	  of	  the	  doctor	  in	  case	  of	  a	  peak	  in	  the	  blood	  pressure.	  The	  created	  peak	  events	  do	   not	   seem	   to	   follow	   any	   interesting	   pattern.	   They	   can	   appear	   during	   the	   whole	  procedure,	  from	  the	  anesthesia	  start	  until	  the	  patient	  leaves	  the	  location.	  Also,	  as	  we	  can	  see	   the	   loop	   drawn	   in	   the	   peak	   event,	   these	   peaks	  will	   normally	   appear	  more	   than	   one	  time	  in	  short	  periods	  of	  time.	  	   By	   looking	   at	   the	   other	   event	   classes,	   no	   new	   interesting	   relations	   are	   drawn:	   the	  anxiolytics	   are	   administered	   at	   the	   beginning	   of	   the	   procedure,	   the	   analgesic	   right	   after	  the	  anesthesia	  starts	  and	  the	  beta-­‐blockers	  are	  given	  during	  the	  surgery.	  










Figure	  40.	  Variant	  of	  the	  Log	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5.5 	  Models	  Mixing	  HR	  and	  BP	  Events	  	   After	   studying	   the	   entire	   created	   event	   separately,	  we	  wanted	   to	   know	   if	   by	  mixing	  these	  created	  events	  we	  could	  achieve	  some	  new	  conclusions.	  	  	   First,	   it	  was	  proposed	   that	  we	  could	  probably	  mix	   the	  peak	  and	   the	   trend	  events	   for	  both	   BP	   and	   HR	   separately.	   After	   consulting	   with	   a	   medical	   specialist,	   the	   idea	   was	  rejected	  because	  it	  did	  not	  make	  any	  sense	  under	  a	  medical	  perspective.	  	   Then,	   it	   was	   proposed	   to	   mix	   the	   trend	   events	   of	   the	   BP	   and	   the	   HR,	   and	   also	   to	  separately	   mix	   the	   peak	   events	   created	   for	   both	   vital	   signs.	   The	   medical	   specialist	  accepted	  this	  idea,	  so	  we	  continued	  with	  the	  study.	  	   Unfortunately,	   when	  we	  mined	   the	   logs,	   and	   the	  model	  was	   created,	   there	  were	   no	  new	  or	   interesting	   relations.	  The	  models	  basically	   confirmed	  what	  was	  described	   in	   the	  previous	  models,	  and	  no	  relation	  between	  the	  heart	  rate	  and	  blood	  pressure	  events	  was	  described.	  Nonetheless,	   the	  models	  have	  acceptable	   fitness	  values;	   as	   the	  model	   created	  with	  both	  HR	  and	  BP	  trend	  events	  have	  a	  fitness	  value	  of	  0.5506	  while	  the	  one	  that	  mixed	  the	  HR	  and	  BP	  peak	  events	  the	  fitness	  value	  was	  0.4703.	  	  	  	  
5.6 Discussion	  and	  Conclusions	  of	  the	  Models	  	   After	  creating	  all	  the	  models,	  it	  was	  time	  to	  aggregate	  all	  the	  conclusions	  that	  could	  be	  achieve	  from	  discussing	  the	  models.	  	  	   	  First	   of	   all,	   we	   can	   assure	   that	   the	   fitness	   values	   of	   the	   models	   are	   more	   than	  acceptable.	   Normally,	   when	   applying	   process	   mining	   to	   a	   medical	   dataset,	   the	   fitness	  values	  obtained	  are	  not	   very	  high,	  mainly	  because	  of	   the	   extraordinary	  uncertainty	   that	  medical	   processes	   have.	   This	   is	   the	   reason	  why	  we	   are	   quite	   pleased	  with	   the	   resulting	  fitness	  values.	  	   Then,	   it	  was	   time	   to	  discuss	   the	  accuracy	  of	   the	  values	  under	  a	  medical	  perspective.	  Although	   the	   algorithm	  could	   recognize	   some	   important	   relationships,	  mostly	   related	   to	  the	   drug	   administration,	   when	   a	  medical	   expert	   evaluated	   the	  model,	   it	   was	   confirmed	  that	   some	   parts	   of	   the	  model	   did	   not	  make	   sense	   under	   a	  medical	   perspective.	   Mostly,	  what	   was	   more	   disappointing	   was	   the	   lack	   of	   causal	   relationships	   between	   the	  administration	  of	  drugs	  and	  the	  vital	  sign	  events.	  For	   instance,	  while	  analyzing	  the	  heart	  rate	   models,	   a	   relation	   between	   increases	   or	   peaks	   of	   the	   heart	   rate	   and	   the	  administration	  of	  analgesics	  was	  expected.	  	  	   Some	   can	   think	   that	   this	   lack	   of	   successful	   relationships	   in	   the	  model	  was	   due	   to	   a	  deficient	  application	  of	  process	  mining.	  We	  do	  not	  agree	  with	  that,	  as	  we	  think	  we	  applied	  all	   the	   necessary	   pre-­‐processing	   steps,	   and	   we	   also	   took	   into	   account	   all	   the	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recommendations	   in	   the	  previous	  studies.	   In	  order	   to	  know	  what	  was	   the	  reason	  due	   to	  the	  lack	  of	  good	  results,	  it	  was	  necessary	  to	  simplify	  the	  models	  and	  analyze	  them	  step-­‐by-­‐step.	  Being	   able	   to	   choose	   any	  of	   the	  discussed	  models,	  we	  decided	   to	  use	   the	  model	   in	  which	   the	   peak	   in	   heart	   rate	  was	   created.	   This	   study	   can	   also	   be	   interesting	   to	   become	  familiar	   with	   the	   Heuristics	   Net	   and	   the	   way	   it	   models	   the	   log.	   All	   the	   filtering	   will	   be	  performed	  using	  the	  ProM	  plug-­‐in	  Filter	  Log	  using	  Simple	  Heuristics.	  	   First,	  we	  will	  model	  the	  simpler	  events	  in	  the	  log,	  and	  then,	  little	  by	  little,	  more	  events	  will	  be	  added.	   	  	  	  	  	  	  
Figure	  41.	  Model	  with	  Anesthesia	  Start	  and	  Leave	  Location	  	  
	  
Figure	  42.	  All	  the	  Events	  of	  the	  Operation	  were	  Added	  	   The	  first	  model	  has	  a	  fitness	  value	  of	  1,	  while	  the	  second	  has	  a	  fitness	  value	  of	  0.9979.	  One	  can	  think	  that	  this	  drop	  in	  the	  fitness	  value	  is	  because	  the	  event	  log	  is	  not	  complete,	  as	  there	  are	  two	  cases	  in	  which	  the	  event	  Time	  Out	  and	  Proc/Surgery	  Start	  are	  not	  in	  the	  log.	  However,	   this	   will	   not	   affect	   the	   fitness	   value,	   as	   in	   these	   cases,	   the	   log	   is	   also	   being	  explained	  for	  the	  model	  (it	  will	  only	  have	  to	  skip	  some	  event	  that	  do	  not	  appear	  in	  these	  two	  specific	  cases).	  	  	   The	  reason	  behind	  this	  lower	  value	  is	  because	  in	  the	  arc	  between	  Proc/Surgery	  Finish	  and	  Leave	   location,	   the	  model	  will	  explain	  not	  all	   the	  cases	   in	   the	   log.	  This	   is	  because	   in	  some	   event	   cases,	   these	   two	   events	   have	   the	   same	   timestamp,	   and	   hence,	   there	   is	   a	  concurrency	  problem	  that	  will	  later	  be	  explained	  in	  depth.	  	   The	   third	  model	   included	   the	  all	   the	  procedure	  events	   and	  peak	  events.	  The	   fitness	  value	  of	  this	  model	  is	  0.9977.	  This	  value	  is	  lower	  because	  there	  is	  one	  case	  that	  in	  which	  the	  peak	  event	  will	  happen	  after	  the	  Leave	  Location	  event,	  and	  hence,	  is	  not	  explained	  in	  the	  model.	  While	  looking	  at	  this	  model,	  we	  can	  assure	  that	  the	  peak	  events	  will	  be	  spread	  out	  during	  the	  entire	  procedure,	  from	  when	  the	  anesthesia	  starts	  until	  the	  patient	  leaves	  the	   location.	   Specially,	   the	   high	   heart	   rate	   values	   mostly	   will	   happen	   right	   after	   the	  anesthesia	  starts	  and	  right	  before	  the	  patient	  leaves	  the	  location.	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Figure	  43.	  Model	  Adding	  Peak	  in	  Heart	  Rate	  to	  All	  the	  Procedure	  Events	  The	  last	  model	  will	  try	  to	  capture	  if	  there	  is	  any	  relation	  between	  the	  administration	  of	  analgesics	  and	  the	  peak	  events.	  The	  fitness	  of	  the	  value	  drops	  to	  0.874.	  Looking	  at	  the	  model	  can	  prove	  that	  there	  was	  not	  a	  relation	  between	  the	  peak	  and	  the	  administration	  of	  analgesics.	  We	  also	  manually	  checked	  the	  cases	  in	  the	  log	  with	  Nitro.	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  44.	  Model	  Trying	  to	  Capture	  the	  Relation	  Between	  Peaks	  Events	  and	  the	  Administration	  of	  
Analgesics	  After	  trying	  to	  get	  insights	  of	  why	  there	  was	  no	  relation	  between	  the	  administration	  of	  analgesics	   and	   the	   vital	   sign	   event,	   we	   could	   say	   that	   if	   the	   model	   was	   not	   showing	   a	  relation,	   this	   was	   not	   due	   to	   a	   bad	  modeling	   procedure;	  most	   likely	   because	   in	   the	   log	  these	   events	   are	   not	   directly	   related,	   and	   hence,	   even	   though	  were	   could	   keep	   on	  with	  applying	  more	  pre-­‐processing	  to	  the	  data,	  the	  results	  would	  not	  improve	  much.	  	  	   While	   carrying	   out	   our	   study,	   we	   followed	   the	   recommendations	   of	   the	   preceding	  studies	   of	   process	  mining	   in	  medical	   environments.	   For	   instance,	   the	   recommendations	  discussed	   in	   the	   study	   of	   Janssen	   were	   taken	   into	   account.	   In	   this	   study,	   a	   set	   of	  standardized	   paths	   in	   order	   to	   achieve	   the	   best	   results	   possible	   were	   discussed.	   Also,	  other	   practical	   cases	   studied	   during	   the	   literature	   review,	   concluded	   that	   clustering	   the	  events,	   filtering	   them	   in	   an	   appropriate	   way,	   and	   a	   medical	   perspective	   was	   crucial	   in	  order	  to	  achieve	  success	  in	  the	  study	  of	  process	  mining	  in	  a	  healthcare	  environment.	  We	  also	  followed	  all	  these	  recommendations.	  	   Nevertheless,	   many	   reasons	   could	   explain	   why	   the	   created	   models	   did	   not	   explain	  correctly	  the	  way	  a	  doctor	  reacts	  while	  the	  patient	  is	  dealing	  with	  pain	  or	  anxiety.	  Some	  of	  them	   will	   be	   related	   to	   general	   aspects,	   while	   others	   were	   more	   related	   to	   specific	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problems	  that	  we	  faced	  during	  the	  study.	  We	  will	  now	  focus	  on	  explaining	  these	  specific	  problems.	  	  
• Not	  using	  the	  proper	  process	  mining	  tools:	  	  	  In	  the	  literature	  review,	  we	  analyzed	  all	  the	  options	  we	  had	  in	  order	  to	  apply	  the	  best	  available	  tool	  in	  each	  case.	  We	  decided	  to	  use	  ProM6,	  the	  Heuristics	  Miner,	  Nitro	  and	  the	  different	  tools	  to	  filter	  the	  data	  because	  they	  are	  meant	  to	  be	  the	  best	  choice	  according	  to	  what	  the	  previous	  studies	  stated.	  	   	  
• Dataset	  not	  entirely	  suitable:	  	  	  The	  dataset	  could	  miss	  to	  capture	  the	  important	  characteristics	  of	  the	  procedure.	  For	  instance,	  we	  could	  prove	  that	  some	  drugs	  were	  administered	  before	  the	  vital	  signs	  were	  recorded.	  	  
• Non	  optimal	  pre-­‐processing	  steps:	  	  	   We	   applied	  many	   pre-­‐processing	   steps	   in	   order	   to	   achieve	   the	   best	   process	  models.	  However,	   it	   is	   impossible	  to	  be	  a	  hundred	  percent	  sure	  that	  all	   the	  pre-­‐	  processing	  steps	  applied	  are	  optimal	  for	  our	  study.	  For	  instance,	  one	  could	  question	  if	  the	  drug	  clusters	  and	  the	  translation	  of	  waveforms	  into	  events	  are	  the	  best	  choice	  for	  our	  study.	  	  The	  drug	  clusterization	  was	  done	  according	  to	  medical	  specialists	  recommendations,	  while	   the	   creation	   of	   vital	   signs	   is	   totally	   legitimate.	   Some	   assumptions	  were	   obviously	  made	  while	  coming	  up	  with	  the	  rules,	  but	  all	  of	  them	  were	  agreed	  upon	  with	  specialists.	  To	   create	   these	   rules,	   an	   important	   analysis	   of	   the	   data	   was	   carried	   out	   as	   well	   as	   the	  addition	  of	  medical	  knowledge.	  Obviously,	  these	  transformations	  will	  not	  be	  optimal,	  as	  it	  would	   be	   extremely	   difficult	   to	   achieve	   the	   optimal	   outcome,	   but	   before	   deciding	   that	  these	  would	  be	  our	  choice,	  many	  other	  options	  were	  rejected.	  	   In	   our	   opinion,	   and	   after	   checking	   all	   the	   logs	   in	   Nitro,	   the	  main	   reason	  why	   these	  created	   events	   are	   not	   specifically	   suitable	   for	   the	   study,	   was	   because	   the	   number	   of	  events	   created	   was	   much	   higher	   than	   the	   number	   of	   other	   events.	   One	   can	   think	   that	  applying	  more	   restrictions	   in	   the	   rules	  would	   improve	   the	   final	  models,	  but	   the	   issue	  at	  hand	  was	  that	  then	  the	  waveforms	  were	  not	  well	  captured	  by	  the	  created	  events.	  Another	  problem	   arose	  when	  we	   realized	   that	   the	   vital	   sign	   events	   were	   spread	   out	   during	   the	  entire	  the	  procedure,	  making	  it	  hard	  to	  relate	  them	  to	  a	  step	  in	  the	  procedure.	  	  
• Concurrency	  Between	  Events	  	  In	   an	   event	   log,	   concurrency	   will	   happen	   when	   several	   events	   are	   executing	  simultaneously,	  and	  they	  potentially	   interact	  with	  each	  other.	   In	  our	  study,	   this	  happens	  with	   many	   different	   events.	   Specifically,	   vital	   sign	   events	   sometimes	   have	   the	   same	  timestamp	  as	  other	  events,	  normally	  the	  administration	  of	  pain	  drugs	  events.	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Also,	   after	   clustering	   the	   drugs,	   the	   same	   clustered	   drug	   is	   administered	  more	   than	  one	  time	  simultaneously.	  In	  these	  cases,	  we	  treated	  them	  as	  duplicate	  values	  and	  we	  will	  only	  keep	  one	  of	  them	  in	  order	  to	  simplify	  the	  study.	  	  It	  also	  happened	  with	  the	  events	  related	  to	  the	  different	  steps	  of	  the	  procedure.	  Before	  filtering	   those	   events,	  many	   of	   the	   events	   related	   to	   the	   start	   and	   end	   of	   the	   procedure	  have	   the	   same	   timestamp.	   After	   filtering	   those	   events,	   it	   only	   happened	   between	   the	  events	  Proc/Surgery	  Finish	  and	  Leave	  Location,	  as	  can	  be	  checked	  in	  Figure	  42.	  	  From	   what	   we	   can	   comprehend	   by	   checking	   the	   database,	   when	   there	   are	   two	  different	   events	  with	   the	   same	   timestamp	   in	   the	   event	   log,	  when	   creating	   the	   event	   log	  with	  Nitro,	   the	  event	   that	   appears	  before	   in	   the	  database,	  will	   be	   the	  one	   first	  modeled.	  This	   will	   be	   a	   limitation	   in	   the	   use	   of	   ProM,	   as	   it	   will	   be	   hard	   to	   easily	   deal	   with	   this	  problem.	  	  
• Lag	  Time	  	  When	  the	  anesthesiologist	  realizes	  that	  there	  is	  an	  Increase	  in	  the	  Heart	  Rate	  value,	  it	  is	  expected	  that	  he	  will	  react	  to	  this	  stimulus	  by	  administering	  some	  drug,	  normally	  a	  pain	  drug.	   Remember	   that	   if	   the	   cause	   of	   this	   is	   anxiety,	   the	   doctor	   will	   administer	   an	  anxiolytic,	  normally	  midazolam,	  and	  that	  if	  the	  doctor	  realizes	  that	  pain	  is	  not	  the	  cause	  of	  this	  high	  value,	  a	  beta-­‐blocker	  will	  be	  given.	  	   Even	   though	   the	   doctor	   will	   respond	   to	   these	   high	   heart	   values	   by	   administrating	  some	  drug,	  sometimes,	  in	  the	  logs,	  this	  will	  not	  appear	  to	  be	  like	  that.	  Why?	  Because	  there	  will	  be	  a	  delay	  on	   the	  effect	  of	   the	  administration	  of	   the	  drug,	  and	   the	  heart	  rate	  will	  be	  likely	  to	  continue	  increasing	  for	  some	  time	  after	  the	  administration	  of	  the	  drug.	  This	  is	  a	  tough	   issue	   to	   deal	   with,	   mainly	   because	   it	   is	   difficult	   to	   find	   a	   way	   to	   measure	   these	  delays.	  	  Some	  previous	  studies	  have	  dealt	  with	  similar	  problems.	  Some	  of	  the	  work	  touched	  on	  trying	   to	   detect	   an	   operator's	   response	   to	   a	   system	   event.	   We	   will	   try	   to	   explain	   the	  problem	  by	  giving	  an	  example:	  	  -­‐	  Operator	  =	  Anesthesiologist	  -­‐	  Plant	  =	  Patient	  -­‐	  Event	  of	  interest	  is	  the	  heart	  rate/Pain	  -­‐	  Expected	  response	  =	  Administration	  of	  pain	  medication	  	  There	  is	  a	  time	  delay/lag	  in	  the	  PLANT	  responding	  to	  the	  intervention.	  As	  a	  result,	  you	  may	  have	  consistent	  administration	  of	  pain	  medication	  in	  response	  to	  pain,	  but	  there	  are	  more	   pain	   events	   for	   a	   short	   period	   of	   time	   after	   the	   drug	   administration	   before	   the	  plant/patient	   finally	   achieves	   the	   effects.	   Because	   the	   anesthesiologist	   does	   not	   re-­‐administer	   medication	   (they	   simply	   wait	   for	   the	   drug	   to	   finally	   take	   effect),	   this	   can	  confuse	  the	  system.	  In	  other	  words,	  it	  will	  not	  be	  able	  to	  detect	  the	  relationship	  between	  high	  heart	  rate	  and	  drug	  administration	  because	  of	  the	  persistence	  for	  a	  short	  time	  of	  the	  additional	  high	  heart	  rates.	  	  
	   77	  
	  To	  overcome	  the	  limitation,	  one	  would	  need	  to	  create	  additional	  temporal	  association	  rules.	  These	  rules	  would	  be	  beyond	  the	  scope	  of	  this	  project.	  They	  will	  have	  to	  associate	  clinical	   interventions/processes	  with	  physiological	  events.	  For	   instance,	   to	  deal	  with	  this	  lag	  time,	  it	  could	  be	  interesting	  to	  create	  a	  rule	  that	  suppresses	  the	  analysis	  of	  heart	  rate	  for	  a	  defined	  time	  (t)	  after	  a	  drug	  that	  have	  an	  influence	  on	  this	  vital	  sign	  is	  administered.	  Another	  option	  would	  be	  to	  apply	  a	  time	  delay	  to	  the	  administration	  of	  drugs,	  in	  order	  that	  the	  timestamp	  used	  in	  the	  modeling	  reflects	  when	  the	  drugs	  have	  an	  impact	  in	  the	  treat	  of,	  for	  instance,	  the	  treatment	  of	  heart	  rate.	  That	  would	  allow	  the	  system	  to	  accommodate	  for	  the	  lag	  time/delayed	  onset	  of	  effects	  of	  the	  drug.	  	   Not	  much	  research	  about	  this	  topic	  is	  made.	  In	  the	  study	  of	  Burattin	  and	  Sperduti,	  the	  applicability	   of	   the	  Heuristics	  Miner	  with	   time	   intervals	  was	   discussed.	  Nonetheless,	  we	  believe	  that	  the	  way	  to	  approach	  this	  lag	  problem	  will	  be	  to	  create	  some	  rules	  in	  order	  that	  its	  effect	  is	  moderated	  as	  much	  as	  possible.	  	  	   Also,	  as	  there	  is	  no	  time	  scale	  in	  the	  Heuristics	  Miner,	  probably	  two	  events	  are	  meant	  to	   have	   a	   direct	   relationship,	   but	   in	   reality	   there	   is	   a	   gap	   on	   time	   that	  makes	   that	   this	  relation	  is	  not	  medically	  relevant.	  Dealing	  with	  this	  issue	  will	  be	  even	  harder	  than	  trying	  to	  mitigate	  the	  effects	  of	  lag	  time.	  	   Even	   though	  we	  did	  not	   achieve	   the	  main	  objective	   in	   our	   study,	   several	   interesting	  factors	  can	  be	  noticed	  while	  discussing	  the	  models:	  	  
• Anxiolytics	  are	  always	  administered	  at	  the	  beginning	  of	  the	  procedure.	  This	  is	  due	  to	  the	  fact	  that	  patients	  usually	  face	  anxiety	  before	  the	  actual	  procedure	  starts.	  	  
• After	  the	  anxiolytics	  are	  administered,	  normally	  another	  drug	  is	  administered.	  This	  drug	  will	  normally	  be	  another	  anxiety	  drug	  or	  an	  analgesic.	  	  
• Normally,	   the	   administration	   of	   beta-­‐blockers	   and	   analgesics	   have	   no	   direct	  relationship,	  they	  are	  administered	  in	  parallel,	  as	  they	  will	  deal	  with	  different	  issues.	  Even	  though	   analgesics	   are	   more	   likely	   to	   be	   administered	   right	   after	   the	   anesthesia	   starts,	  while	  beta-­‐blockers	  will	  normally	  be	  given	  during	  the	  surgery.	  	  
• Once	  one	  drug	  is	  administered,	  normally	  a	  drug	  of	  the	  same	  cluster	  is	  given	  right	  after.	  This	  can	  be	  checked	  with	  the	  loops	  that	  the	  drug	  events	  have.	  This	  behavior	  is	  more	  severe	  while	  administering	  analgesics	  or	  beta-­‐blockers,	  while	  with	  the	  anxiolytics	  it	  is	  less	  important.	  	  
• In	  the	  vital	  signs,	  we	  can	  also	  notice	  the	  presence	  of	  loops.	  This	  means	  that	  in	  many	  cases,	   many	   consecutive	   events	   will	   occur	   without	   noticing	   a	   clear	   response	   from	   the	  doctor.	  This	   is	   also	   a	   consequence	  of	   the	  non-­‐relationship	  between	   the	   vital	   sign	   events	  and	   the	   administration	   of	   drugs.	   This	   behavior	   will	   be	   more	   significant	   in	   the	   events	  created	  from	  peaks.	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• Normally,	  vital	  sign	  events	  can	  occur	  between	  when	  the	  anesthesia	  starts	  until	  the	  patient	   leaves	  the	   location,	  while	  the	  analgesics	  and	  beta-­‐blockers	  are	  administered	  only	  until	   the	  procedure	   is	   completed.	   It	   could	  mean	   that	   the	  high	  vital	   signs,	   specially	  Heart	  Rate,	  are	  most	   likely	  to	  happen	  right	  after	  the	  anesthesia	  starts,	  as	  the	  medicines	  still	  do	  not	  affect	   the	  patient,	  and	  when	  the	  surgery	   is	   finished	  and	  the	  patient	   is	  about	   to	   leave	  the	  location,	  as	  the	  drugs	  are	  starting	  to	  decrease	  its	  effect.	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6.	  CONCLUSIONS	  AND	  FUTURE	  STUDIES	  	   At	  the	  start	  of	  this	  master	  thesis	  we	  were	  aware	  that	   it	  would	  be	  difficult	  to	  achieve	  outstanding	   results.	   We	   knew	   that	   the	   applicability	   of	   process	   mining	   was	   uncertain,	  especially	  while	  seeking	  the	  response	  of	  the	  doctors	  in	  a	  certain	  procedure.	  	   We	   started	   this	   adventure	   as	   a	   challenge,	   as	   we	   believed	   we	   could	   improve	   the	  performance	  of	  process	  mining	  and	  especially	  the	  Heuristics	  Miner	  in	  the	  medical	  domain.	  In	   the	   beginning	  when	  we	  began	   to	   examine	  previous	   studies	   on	   the	   subject	  matter	  we	  were	  quite	  disappointed,	  as	  no	  study	  had	  achieved	  acceptable	  results.	  The	  majority	  of	  the	  studies	   could	   not	   achieve	   any	   concrete	   results	   under	   a	   medical	   perspective;	   therefore,	  they	  focused	  their	  studies	  on	  discovering	  little	  improvements	  in	  the	  procedure	  or	  in	  giving	  the	  reader	  a	  series	  of	  best	  practices	  in	  the	  application	  of	  process	  mining.	  	  We	   tried	   to	   collect	   all	   these	   recommendations	   in	   order	   to	   achieve	   the	   best	   results	  possible.	  Some	  were	  really	   interesting	  [Kaymak	  et	  al.,	  2012],	  and	  we	  especially	  took	  into	  account	  the	  final	  recommendations	  of	  this	  study	  :	  	  	  
• Add	  medical	  knowledge	  to	  the	  procedure	  
• Reduce	  the	  granularity	  of	  the	  data	  (for	  instance,	  cluster	  the	  drugs)	  
• Focus	  a	  specific	  goal	  for	  the	  anesthetist	  during	  the	  procedure	  	  We	  also	  followed	  the	  recommendations	  discussed	  in	  the	  study	  of	  Janssen,	  where	  the	  use	   of	   a	   standardized	   pattern	   is	   proved	   to	   increase	   the	   performance	   of	   the	   whole	  procedure.	  	  In	  order	  to	  not	  miss	  or	  overlook	  any	  of	  these	  recommendations,	  as	  we	  believed	  that	  the	  key	  to	  success	  in	  achieving	  good	  results	  in	  the	  models	  was	  in	  the	  correct	  application	  of	  pre-­‐processing	   techniques,	   a	   series	   of	   defined	   steps	   to	   correctly	   execute	   these	   pre-­‐processing	  steps	  were	  defined.	  While	  carrying	  on	  with	  these	  steps,	  all	  the	  decisions	  were	  confirmed	  by	  a	  medical	  specialist.	  	  It	   was	   also	   important	   to	   use	   the	   correct	   tools.	   As	   process	   mining	   is	   still	   a	   new	  technique,	   in	   some	   cases	   it	   is	   not	   clear	   which	   tools	   are	   the	   best	   for	   a	   defined	   study.	  Nevertheless,	  we	   tried	   to	  collect	  all	   the	  possible	   tools	  and	  techniques	   in	  order	   to	  choose	  the	  best	  options.	  We	  also	  were	  not	  reluctant	  to	  use	  new	  tools,	  such	  as	  the	  new	  version	  of	  ProM	  or	  Nitro.	  Probably	   it	  will	  be	   interesting	   to	   specially	  develop	  new	   tools	   for	  medical	  environments.	  	  We	  created	  many	  different	  models,	  always	  seeking	  the	  best	  outcome	  from	  a	  medical	  point	  of	  view.	   	  We	  then	  realized	  that	  even	  though	  we	  performed	  the	  study	  correctly,	  and	  with	   the	   data	   available	   no	   better	   results	   could	   be	   achieved,	   at	   least	   with	   the	   scope	  we	  defined	  and	  with	  the	  translation	  of	  waveforms	  into	  event	  that	  we	  created.	  	  	   Even	  though	  we	  were	  aware	  that	  it	  would	  not	  be	  easy	  to	  find	  a	  model	  to	  explain	  the	  reaction	   of	   doctors	   while	   facing	   pain	   or	   anxiety,	   we	   were	   quite	   disappointed	   when	   we	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realized	  that	  we	  did	  not	  achieve	  good	  models	  when	  applying	  the	  algorithm.	  	  	   Then,	  we	  performed	  extra	  studies,	  such	  as	  the	  parameters	  discussion	  or	  the	  creation	  of	  simpler	  models,	  but	  the	  algorithm	  failed	  to	  provide	  a	  clear	  and	  understandable	  process	  model.	  The	  problems	  in	  our	  study	  were	  not	  the	  ordinary	  problems	  that	  medical	  processes	  face	  when	   the	   Heuristics	  Miner	   is	   applied.	   In	   our	   case,	   the	   problem	  was	   that	   no	   causal	  relationship	  between	  the	  created	  events	  for	  vital	  signs	  and	  the	  reaction	  of	  the	  anesthetist	  (the	   administration	   of	   drugs)	   were	   drawn,	   and	   this	   makes	   no	   sense	   under	   a	   medical	  perspective,	  as	  it	  will	  be	  the	  main	  goal	  while	  dealing	  with	  sedation.	  	   In	  most	   of	   the	   previous	   studies	   on	   this	   subject,	   the	   problems	  were	  mainly	   that	   the	  process	  models	  obtained	  were	  complex,	  with	  low	  fitness	  values	  and	  full	  of	  problems	  like	  missing	   dependencies.	   If	   the	   model	   is	   too	   complex	   or	   the	   fitness	   value	   is	   low,	   one	   can	  always	  pre-­‐process	   the	  data	   again,	   but	   in	  our	   case;	   the	  problem	  was	   that	   in	   the	   log,	   the	  events	   that	   should	   have	   a	   direct	   relationship	   do	   not	   have	   it.	   Finding	   a	   way	   to	   fix	   this	  problem	  would	  almost	  mean	   to	  start	   the	  study	  all	  over	  again,	  and	  unfortunately,	  we	  did	  not	  have	  time	  to	  do	  it.	  	   The	  main	  reasons	  behind	  these	  unsuccessful	  results	  in	  the	  model	  are	  described	  while	  analyzing	  the	  models	  and	  will	  not	  explain	  them	  again	  in	  this	  last	  chapter.	  	  	  	  Anyway,	   our	   goal	   was	   to	   go	   a	   step	   further,	   and	   try	   to	   improve	   a	   little	   bit	   the	  application	   of	   these	   techniques.	   After	   our	   experience	   in	   this	   project,	   we	   listed	   some	  recommendations	  for	  future	  studies.	  We	  did	  not	  want	  them	  to	  be	  vague	  recommendations	  that	  are	  hard	  to	  implement	  for	  future	  studies.	  We	  truly	  believe	  that	  the	  future	  success	  of	  process	  mining	  applied	  in	  a	  medical	  process	  is	  directly	  related	  to	  these	  recommendations.	  	  
6.1	  Recommendations	  for	  Future	  Studies	  	  
• Application	  of	  Different	  Algorithms	  	  Most	   of	   the	   studies	   that	   failed	   in	   achieving	   good	   results	   used	   the	   Heuristics	   Miner.	  Even	  though	  this	  issue	  has	  been	  discussed	  and	  this	  algorithm	  always	  results	  in	  being	  the	  best	  option,	  there	  are	  other	  options	  that	  can	  also	  be	  interesting	  in	  some	  cases,	  such	  as	  the	  Fuzzy	  Miner	  or	  the	  DWS	  plug-­‐in.	  In	  our	  study	  the	  Heuristics	  Miner	  performed	  better	  than	  these	  two	  algorithms,	  but	  in	  other	  cases	  it	  could	  be	  different.	  	  	   However,	   a	   recent	   improvement	   in	   the	   Heuristics	   Miner	   was	   presented.	   It	   is	   the	  Flexible	   Heuristics	   Miner	   (FHM)	   [Weijters	   and	   Ribeiro,	   2011].	   This	   new	   algorithm	   is	  implemented	  in	  the	  new	  version	  of	  ProM.	  The	  main	  improvement	  of	  this	  algorithm	  is	  that	  it	  takes	  all	  the	  advantages	  of	  the	  process	  representation	  language.	  The	  result	  is	  an	  adapted	  process	   representation	   language	   (Causal	   Nets),	   which	   will	   give	   more	   insights	   of	   the	  process	  than	  the	  Heuristics	  Net.	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• Use	  of	  Disco	  as	  the	  Process	  Mining	  Tool	  	   Some	  months	  ago,	  Fluxicon,	  the	  company	  that	  developed	  Nitro,	  went	  step	  further	  and	  developed	  software	  that	  is	  able	  not	  just	  to	  translate	  the	  dataset,	  but	  it	  also	  allows	  the	  user	  to	  do	  the	  mining.	  Hence,	  Disco	  is	  able	  to	  pre-­‐process,	  load	  and	  mine	  the	  log	  vii.	  	  In	  the	  later	  versions	  of	  Nitro,	  more	  and	  more	  tools	  were	  added;	  leading	  to	  a	  fewer	  use	  of	   ProM	   in	   the	   processing	   steps,	   as	   was	   only	   used	   to	   apply	   the	   algorithm.	   From	   our	  experience	  being	  users	  of	  Nitro,	  we	  are	  quite	  optimistic	  with	  the	  improvements	  that	  this	  new	  software	  can	  provide	  to	  a	  better	  performance	  while	  using	  process	  mining	  techniques.	  We	  did	  not	  use	  it,	  as	  it	  was	  a	  new	  tool	  and	  there	  were	  no	  previous	  experiences	  using	  the	  application	  of	  this	  software	  in	  a	  case	  similar	  to	  ours,	  it	  was	  also	  launched	  after	  we	  started	  the	  thesis.	  However,	  we	  are	  confident	  that	  it	  will	  be	  a	  success.	  	  
• Changes	  in	  the	  Extraction	  of	  Data	  	  In	  most	  cases,	  when	  data	  is	  recorded,	  it	  is	  not	  geared	  towards	  the	  fact	  that	  it	  will	  later	  be	  applied	  to	  process	  mining.	  Hence,	  sometimes	  it	  could	  be	  interesting	  to	  extract	  the	  data	  under	  the	  interpretation	  of	  later	  applying	  it	  to	  mining	  techniques.	  	  For	  instance,	  in	  our	  database,	  the	  monitored	  values	  of	  the	  vital	  signs	  after	  some	  of	  the	  drugs	   are	   administered.	   This	   makes	   it	   difficult	   to	   draw	   relations	   between	   these	   drugs,	  normally	  anxiolytics	  and	  vital	  signs	  such	  as	  heart	  rate.	  	  Also,	   under	   the	   scope	   of	   our	   study,	   it	   can	   also	   be	   interesting	   to	   record	   other	   events	  such	  as	  vomiting,	  nausea	  or	  infections	  of	  the	  patient,	  as	  they	  can	  also	  have	  an	  influence	  in	  the	  high	  heart	  rate	  events.	  	  
• Deal	  with	  Lag	  Time	  and	  Concurrency	  	   As	  explained	   in	   the	  previous	  chapter,	   in	  our	  study	  we	  notice	   that	  we	  could	  probably	  not	  achieve	  good	  results	  because	  of	  these	  two	  factors.	  So	  finding	  a	  solution	  to	  deal	  with	  lag	  time	  and	  concurrency	  in	  the	  data	  could	  improve	  the	  results.	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Appendix	  
Anesthesia	  Protocol	  for	  an	  ERCP	  	  USP	  Institut	  Universitari	  DEXEUS,	  BARCELONA.	  February	  2012	  	  -­‐	  INTRODUCTION	  	   The	   Endoscopic	   Retrograde	   Cholangio	   Pancreatography	   (E.R.C.P.)	   is	   a	   mixed	  technique	  Endoscopic-­‐Radiological.	  Its	  aim	  is	  to	  obtain	  diagnostic	  data	  and/or	  to	  perform	  therapy	   for	  biliary	   and	  pancreatic	  disease	  by	  placing	   radiopaque	  dye	   into	   the	  bile	  ducts	  (common	   bile	   duct	   and	   Wirsung).	   This	   is	   injected	   retrogradely	   from	   the	   vater	   papilla,	  which	  is	  anatomically	  in	  the	  inner	  face	  of	  the	  second	  portion	  of	  duodenum.	  	  WHAT	  SHOULDN’T	  WE	  DO	  	  -­‐	  Administer	  molecular	  weight	  heparin	  on	  the	  day	  of	  the	  test.	  -­‐	  Give	  antiplatelet	  therapy	  in	  the	  test	  day.	  -­‐	  Perform	  the	  test	  after	  taking	  contrast	  to	  other	  tests	  that	  interfere	  with	  the	  fast.	  -­‐	  Do	  not	  check	  for	  allergies	  to	  latex	  by	  the	  Fogarty	  balloon.	  	  	  -­‐	  PREOPERATIVE	  	  PROCEDURE	  	  1.	  Before	  starting	  with	  the	  patient,	  check	  the	  proper	  functioning	  of	  the	  equipment	  needed:	  •	  Monitoring	  systems.	  •	  Infusion	  systems	  /	  perfusion.	  •	  Oxygen	  delivery	  system.	  (Flow	  and	  respirator).	  •	  Vacuum	  system.	  •	  Cardiopulmonary	  resuscitation	  material	  (Laryngoscopes,	  endotracheal	   tubes,	  bag-­‐mask	  and	  Guedel	  tubes).	  •	  Review	  of	  medication.	  •	  Preparation	  of	  the	  Operation	  	  Room.	  	  2.	  Before	  starting	  procedure:	  •	  Welcome	  the	  patient,	  check	  his	  or	  her	  identity.	  •	  Check	  the	  preoperative	  and	  the	  informed	  consent.	  •	   Check	   the	   fulfillment	   of	   the	  medical	   orders	   prior	   to	   the	   procedure:	   antibiotic	   therapy,	  premedication.	  •	  Compliance	  of	  fasting.	  •	  Removal	  of	  dentures,	  jewelry,	  watches,	  glasses,	  etc.	  •	  Explain	  the	  procedure	  to	  the	  patient	  	  	  -­‐	  INTRAOPERATIVE	  	  PROTOCOL	  OF	  NURSING	  ANESTHESIA	  E.R.C.P.	  	  •	  Assess	  the	  permeability	  of	  intravenous	  lines	  and	  intravenous	  cannulation	  channel	  one	  in	  case	  of	  absence	  or	  malfunction.	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•	  Placing	   the	  patient	   on	   the	   ray	   table	   in	   the	  prone	  position	  with	  his	   head	   cocked	   to	   the	  right.	  	  Maximize	  patient	  comfort	  with	  pads	  considering	  that	  the	  process	  can	  be	  lengthened.	  Sometimes	  the	  procedure	  is	  performed	  in	  left	  lateral	  decubitus	  position	  (to	  encourage	  the	  advancement	   of	   the	   endoscope	   in	   the	   gastrointestinal	   tract	   or	   the	   patient's	   inability	   to	  tolerate	  the	  prone	  position).	  •	  In	  patients	  unable	  to	  cooperate	  for	  their	  mental	  state	  (Dementia,	  Alzheimer's,	  etc),	  it	  may	  be	   necessary	   to	   consider	   other	   measures	   for	   securing	   hands	   to	   interfere	   during	   the	  procedure.	  •	  Placement	  of	  the	  gag	  and	  nasal	  cannula	  3-­‐4	  L/min.	  •	  Monitoring	  preventing	  the	  passage	  of	  cables	  or	  pipes	  on	  the	  area	  will	  influence	  the	  rays	  during	  the	  procedure.	  •	   Connect	   the	   infusion	   pump	   systems.	   It	   is	   desirable	   that	   this	   connection	   is	   as	   close	   as	  possible	  to	  the	  point	  of	  entry.	  	  MEDICATION	  USED	  	  •	   Sedation	   objectives:	   to	   provide	   comfort	   and	   immobility	   to	   the	   patient	   throughout	   the	  procedure.	  •	  Premedication:	  Midazolam	  0.02-­‐0.1	  mg/kg	  +	  Fentanyl	  1μg/kg	  IV.	  •	  Propofol	  
• Propofol	   is	   used	   in	   three	   ways:	   bolus,	   continuous	   infusion	   or	   a	   combination	   of	  both.	  
• Infusion	  is	  the	  most	  used	  in	  our	  hospital	  during	  this	  procedure.	  
• Dosage:	  bolus	  0.25-­‐1	  mg/kg;	  infusion	  2-­‐4	  mg/kg/h	  (approx.	  70kg	  2mg/kg/h	  →	  15	  ml/h)	  	  PROCEDURE	  	  •	  To	  monitor	  the	  consciousness	  level,	  the	  hemodynamic	  status	  and	  the	  respiratory	  rate.	  •	  Suctioning	  the	  secretions	  of	  the	  oral	  cavity.	  •	  Sometimes,	  it	  is	  necessary	  to	  manage	  hyoscine	  (Buscopan®)	  to	  stop	  intestinal	  peristalsis	  and	   facilitate	  cannulation	  of	   the	  sphincter	  of	  Oddi.	   It	  must	  be	  done	  very	  slowly	  and	  very	  diluted	  as	  it	  causes	  tachycardia.	  •	   When	   using	   the	   Fogarty	   balloon	   for	   bile	   duct	   cleaning	   cramps	   it	   can	   cause	   sudden	  movements	  of	  the	  patient	  asleep	  and	  complicate	  the	  test.	  •	   If	   respiratory	  depression	  or	   any	   situation	   that	   requires	  placing	   the	  patient	   supine,	   the	  test	  should	  be	  stopped	  and	  repositioning	  the	  patient	  until	  the	  situation	  normalizes.	  	  	  -­‐	  POSTOPERATIVE	  	  •	   When	   the	   test	   is	   completed	   and	   the	   patient	   wakes	   up,	   the	   monitor	   and	   the	   gag	   are	  removed	  and	  the	  patient	  is	  placed	  supine.	  •	  During	  the	  first	  moments	  after	  the	  withdrawal	  of	  medication,	  special	  attention	  must	  be	  paid	   to	   the	   occurrence	   of	   vomiting,	   facilitated	   both	   by	   abdominal	   distension	   and	   by	   the	  opiates	  used.	  	  	  •	  The	  patient	  will	  be	  moved	  to	  his	  bed	  or	  to	  a	  stretcher.	  •	   The	   patient	   will	   be	   transferred	   to	   his	   room	   or	   the	   Recovery	   Room	   if	   appropriate	   or	  necessary.	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Visual	  Basic	  Programs	  	  In	  order	  to	  create	  these	  programs,	  we	  checked	  the	  following	  books:	  	  -­‐ T.	  Gaddis,	  K.	  Irvine.	  Starting	  out	  with	  Visual	  Basic	  2008.	  Pearson	  Interantional	  Edition.	  Fourth	  edition.	  	  -­‐ Alessandro	  del	  Sole.	  Visual	  Basic	  2010.	  Sams.	  	  
• Program	  to	  calculate	  the	  median	  for	  the	  HR	  	  Sub	  MedianHR()	  	  	  Dim	  i	  As	  Long	  	  i	  =	  2	  	  Cells(i,	  7).Select	  	  	  While	  i	  <	  131642	  	  	  	  	  	  If	  (i	  -­‐	  3)	  >=	  2	  Then	  	  	  	  	  	  	  	  If	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  1,	  5).Value	  And	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  2,	  5).Value	  And	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  3,	  5).Value	  Then	  	  Cells(i,	  7).Value	  =	  Application.Median(Cells(i,	  2),	  Cells(i	  -­‐	  1,	  2),	  Cells(i	  -­‐	  2,	  2),	  Cells(i	  -­‐	  3,	  2))	  Else	  Cells(i,	  7).Value	  =	  Null	  End	  If	  End	  If	  i	  =	  i	  +	  1	  	  Wend	  	  End	  Sub	  	  
• Program to calculate the Rule for HR 	  Sub	  RuleHR()	  	  Dim	  i	  As	  Long	  	  i	  =	  2	  	  Cells(i,	  8).Select	  	  While	  i	  <	  131641	  	  If	  (i	  -­‐	  3)	  >=	  2	  Then	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  If	  (Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  1,	  5).Value	  And	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  2,	  5).Value	  And	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  3,	  5).Value	  And	  Cells(i,	  7).Value	  >=	  Cells(i	  -­‐	  1,	  7).Value	  And	  Cells(i	  -­‐	  1,	  7).Value	  >=	  Cells(i	  -­‐	  2,	  7).Value	  And	  Cells(i	  -­‐	  2,	  7).Value	  >=	  Cells(i	  -­‐	  3,	  7).Value	  And	  (Cells(i,	  7).Value	  -­‐	  Cells(i	  -­‐	  3,	  7).Value)	  >	  5	  And	  Cells(i	  -­‐	  3,	  7).Value	  <>	  0)	  Then	  	  Cells(i	  -­‐	  3,	  8).Value	  =	  "Increase	  in	  Heart	  Rate"	  Cells(i	  -­‐	  3,	  9)	  =	  Cells(i	  -­‐	  3,	  1)	  Cells(i	  -­‐	  3,	  10)	  =	  Cells(i	  -­‐	  3,	  5)	  	  If	  Cells(i	  -­‐	  3,	  8).Value	  =	  Cells(i	  -­‐	  4,	  8)	  Then	  Cells(i	  -­‐	  3,	  8)	  =	  Null	  Cells(i	  -­‐	  3,	  9)	  =	  Null	  Cells(i	  -­‐	  3,	  10)	  =	  Null	  End	  If	  	  If	  Cells(i	  -­‐	  3,	  8).Value	  =	  Cells(i	  -­‐	  5,	  8)	  Then	  Cells(i	  -­‐	  3,	  8)	  =	  Null	  Cells(i	  -­‐	  3,	  9)	  =	  Null	  Cells(i	  -­‐	  3,	  10)	  =	  Null	  End	  If	  	  If	  Cells(i	  -­‐	  3,	  8).Value	  =	  Cells(i	  -­‐	  6,	  8)	  Then	  Cells(i	  -­‐	  3,	  8)	  =	  Null	  Cells(i	  -­‐	  3,	  9)	  =	  Null	  Cells(i	  -­‐	  3,	  10)	  =	  Null	  End	  If	  	  ElseIf	  (Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  1,	  5).Value	  And	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  2,	  5).Value	  And	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  3,	  5).Value	  And	  Cells(i,	  7).Value	  <=	  Cells(i	  -­‐	  1,	  7).Value	  And	  Cells(i	  -­‐	  1,	  7).Value	  <=	  Cells(i	  -­‐	  2,	  7).Value	  And	  Cells(i	  -­‐	  2,	  7).Value	  <=	  Cells(i	  -­‐	  3,	  7).Value	  And	  (Cells(i	  -­‐	  3,	  7).Value	  -­‐	  Cells(i,	  7).Value	  >	  5)	  And	  Cells(i	  -­‐	  3,	  7).Value	  <>	  0)	  Then	  	  Cells(i	  -­‐	  3,	  8).Value	  =	  "Decrease	  in	  Heart	  Rate"	  Cells(i	  -­‐	  3,	  9)	  =	  Cells(i	  -­‐	  3,	  1)	  Cells(i	  -­‐	  3,	  10)	  =	  Cells(i	  -­‐	  3,	  5)	  	  If	  Cells(i	  -­‐	  3,	  8).Value	  =	  Cells(i	  -­‐	  4,	  8)	  Then	  Cells(i	  -­‐	  3,	  8)	  =	  Null	  Cells(i	  -­‐	  3,	  9)	  =	  Null	  Cells(i	  -­‐	  3,	  10)	  =	  Null	  End	  If	  	  If	  Cells(i	  -­‐	  3,	  8).Value	  =	  Cells(i	  -­‐	  5,	  8)	  Then	  Cells(i	  -­‐	  3,	  8)	  =	  Null	  Cells(i	  -­‐	  3,	  9)	  =	  Null	  Cells(i	  -­‐	  3,	  10)	  =	  Null	  End	  If	  	  If	  Cells(i	  -­‐	  3,	  8).Value	  =	  Cells(i	  -­‐	  6,	  8)	  Then	  Cells(i	  -­‐	  3,	  8)	  =	  Null	  Cells(i	  -­‐	  3,	  9)	  =	  Null	  Cells(i	  -­‐	  3,	  10)	  =	  Null	  End	  If	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Else:	  Cells(i	  -­‐	  3,	  8).Value	  =	  Null	  	  	  End	  If	  End	  If	  	  i	  =	  i	  +	  1	  	  	  Wend	  	  	  End	  Sub	  	  
• Program to calculate the median for the BP 
 Sub	  MedianBP()	  	  	  Dim	  i	  As	  Long	  	  i	  =	  2	  	  Cells(i,	  7).Select	  	  While	  i	  <	  11571	  	  	  	  	  If	  (i	  -­‐	  2)	  >=	  2	  Then	  	  	  	  	  	  	  	  	  If	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  1,	  5).Value	  And	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  2,	  5).Value	  Then	  	  Cells(i,	  7).Value	  =	  Application.Median(Cells(i,	  2),	  Cells(i	  -­‐	  1,	  2),	  Cells(i	  -­‐	  2,	  2))	  Else	  Cells(i,	  7).Value	  =	  Null	  End	  If	  End	  If	  i	  =	  i	  +	  1	  	  Wend	  	  End	  Sub	  	  
• Program to calculate the Rule for BP 	  Sub	  RuleBP()	  	  Dim	  i	  As	  Long	  	  i	  =	  2	  	  Cells(i,	  8).Select	  	  While	  i	  <	  11570	  	  If	  (i	  -­‐	  2)	  >=	  2	  Then	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  If	  (Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  1,	  5).Value	  And	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  2,	  5).Value	  And	  Cells(i,	  7).Value	  >=	  Cells(i	  -­‐	  1,	  7).Value	  And	  Cells(i	  -­‐	  1,	  7).Value	  >=	  Cells(i	  -­‐	  2,	  7).Value	  And	  (Cells(i,	  7).Value	  -­‐	  Cells(i	  -­‐	  2,	  7).Value)	  >	  4	  And	  Cells(i	  -­‐	  2,	  7).Value	  <>	  0)	  Then	  	  Cells(i	  -­‐	  2,	  8).Value	  =	  "Increase	  in	  Blood	  Pressure"	  Cells(i	  -­‐	  2,	  9)	  =	  Cells(i	  -­‐	  2,	  1)	  Cells(i	  -­‐	  2,	  10)	  =	  Cells(i	  -­‐	  2,	  5)	  	  If	  Cells(i	  -­‐	  2,	  8).Value	  =	  Cells(i	  -­‐	  3,	  8)	  Then	  Cells(i	  -­‐	  2,	  8)	  =	  Null	  Cells(i	  -­‐	  2,	  9)	  =	  Null	  Cells(i	  -­‐	  2,	  10)	  =	  Null	  End	  If	  	  If	  Cells(i	  -­‐	  2,	  8).Value	  =	  Cells(i	  -­‐	  4,	  8)	  Then	  Cells(i	  -­‐	  2,	  8)	  =	  Null	  Cells(i	  -­‐	  2,	  9)	  =	  Null	  Cells(i	  -­‐	  2,	  10)	  =	  Null	  End	  If	  	  	  ElseIf	  (Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  1,	  5).Value	  And	  Cells(i,	  5).Value	  =	  Cells(i	  -­‐	  2,	  5).Value	  And	  Cells(i,	  7).Value	  <=	  Cells(i	  -­‐	  1,	  7).Value	  And	  Cells(i	  -­‐	  1,	  7).Value	  <=	  Cells(i	  -­‐	  2,	  7).Value	  And	  (Cells(i	  -­‐	  2,	  7).Value	  -­‐	  Cells(i,	  7).Value	  >	  4)	  And	  Cells(i	  -­‐	  2,	  7).Value	  <>	  0)	  Then	  	  Cells(i	  -­‐	  2,	  8).Value	  =	  "Decrease	  in	  Blood	  Pressure"	  Cells(i	  -­‐	  2,	  9)	  =	  Cells(i	  -­‐	  3,	  1)	  Cells(i	  -­‐	  2,	  10)	  =	  Cells(i	  -­‐	  3,	  5)	  	  If	  Cells(i	  -­‐	  2,	  8).Value	  =	  Cells(i	  -­‐	  3,	  8)	  Then	  Cells(i	  -­‐	  2,	  8)	  =	  Null	  Cells(i	  -­‐	  2,	  9)	  =	  Null	  Cells(i	  -­‐	  2,	  10)	  =	  Null	  End	  If	  	  If	  Cells(i	  -­‐	  2,	  8).Value	  =	  Cells(i	  -­‐	  4,	  8)	  Then	  Cells(i	  -­‐	  2,	  8)	  =	  Null	  Cells(i	  -­‐	  2,	  9)	  =	  Null	  Cells(i	  -­‐	  2,	  10)	  =	  Null	  End	  If	  	  Else:	  Cells(i	  -­‐	  2,	  8).Value	  =	  Null	  	  	  End	  If	  End	  If	  	  i	  =	  i	  +	  1	  	  	  Wend	  	  	  End	  Sub	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• Program to calculate the Events for the Infusion Drugs 	  Sub	  Infusion()	  	  Dim	  i	  As	  Long	  	  i	  =	  2	  	  Cells(i,	  12).Select	  	  Cells(i,	  12).Value	  =	  "Start	  Propofol"	  	  i	  =	  i	  +	  1	  	  While	  i	  <	  2880	  	  	  If	  Cells(i,	  1).Value	  =	  Cells(i	  -­‐	  1,	  1)	  Then	  	  If	  Cells(i,	  8).Value	  >	  Cells(i	  -­‐	  1,	  8).Value	  Then	  	  Cells(i,	  12).Value	  =	  "Increase	  Propofol"	  	  ElseIf	  Cells(i,	  8).Value	  <	  Cells(i	  -­‐	  1,	  8).Value	  And	  Cells(i,	  8).Value	  <>	  0	  Then	  	  Cells(i,	  12).Value	  =	  "Decrease	  Propofol"	  	  ElseIf	  (Cells(i,	  8).Value	  =	  0)	  Then	  	  Cells(i,	  12).Value	  =	  "End	  Propofol"	  	  End	  If	  	  	  Else:	  Cells(i,	  12).Value	  =	  "Start	  Propofol"	  	  	  End	  If	  	  	  i	  =	  i	  +	  1	  	  	  Wend	  	  End	  Sub	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